TID-4068
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

RESEARCH AND DEVELOPMENT
IN PROGRESS
SUMMARIES OF THE USAEC
BASIC RESEARCH PROGRAM

- IN CHEMISTRY

JANUARY 1973




Available from the National Technical Information Service, U. S. Department of
Commerce, Springfield, Virginia 22151.

Price: Paper Copy $7.60
Microfiche $0.95

Printed in tha United Srotes of America
USAEC Tachnical inkormation Conter, Gok Ridge, Tennertes



TID-4068
Distribution category UcC-4

RESEARCH AND DEVELOPMENT
IN PROGRESS

SUMMARIES OF THE USAEC
BASIC RESEARCH PROGRAM
IN CHEMISTRY

JANUARY 1973

Issuance Date: May 1973

UNITED STATES ATOMIC ENERGY COMMISSION DIVISION OF PHYSICAL RESEARCH



CONTENTS

Category Abstracts Page

Foreword v
Nuclear Spectroscopy 03:01 1
Nuclear Reactions 03:27 6
Heavy Element Chemistry 03:65 15
Radiation Chemistry: Aqueous 03:100 23
Radiation Chemistry: Gaseous 03:118 27
Radiation Chemistry: Other 03:132 30
Photochemistry and Energy Transfer 03:169 39

. Hot Atom Chemistry 03:193 44
JKinetics and Mechanisms 03:209 48
»Chemical Spectroscopy 03:230 54
“Theoretical Chemistry 03:268 62
” Isotope Chemistry 03:289 67
Thermodynamics 03:305 71
Diligh-Temperature and>Inorganic Chemistry 03:327 77
\/\.. FStructural Chemistry 03:364 86
»Analytical Chemistry 03:387 92

" Separations Chemistry 03:409 97
Engineering Chemistry 03:422 100
Miscellaneous Chemical Studies 03:440 103
CONTRACTOR INDEX INDEX-1
PRINCIPAL INVESTIGATOR INDEX INDEX-7

SUBJECT INDEX INDEX-16



FOREWORD

The Atomic Energy Act directs the Atomic Energy Commission to sup-
port and foster research in fields related to atomic energy and to the
development of other environmentally acceptable energy sources. The
Division of Physical Research is responsible for supporting basic re-
search in the physical sciences as an aid in accomplishing these objec~
tives. Basic research is supported at the AEC national laboratories, at
other government laboratories, at universities, and at research insti-
tutes and foundations.

The Chemistry Program is administratively divided into the ‘“on-site”’
and the ““off-site’’ programs. The on-site program is carried out at the
AEC laboratories and other government-owned facilities. The off-site
program is carried out elsewhere and consists primarily of research
projects performed through contracts with educational institutions.

It is the purpose of this document to provide the scientific community
with a single, accessible source of information on the current projects
being supported by the Office of Chemistry Programs of the Division of
Physical Research. This document summarizes the objectives and cur-
rent status of the individual research efforts in effect during 1972-3.

Previous documents similar to this one reported off-site and on-site
work separately. The off-site volumes are numbered: TID-4005(Pt. 2a),
TID-4005(Pt. 2a) (2nd Ed.), TID-4005(Pt. 2a) (3rd Ed.), and TID-4051
(1st Ed.). The on-site volumes are numbered: TID-4005(Pt. 2b) and
TID-4050(1st Ed.). This is the first combined volume.

The summaries are arranged in sections by discipline. Within each
section they are ordered alphabetically by institution and department
and then by principal investigator. At the end of each section there ap-
pear cross references to summaries listed under other disciplines but
related in scope.

The entry includes the name of the institution, the names of the prin-
cipal investigators, a title, the summary, and a list of publications in
the open literature (none earlier than 1970). The summaries are followed
by three indexes: of institutions, of investigators, and of subjects. All
summaries were prepared between May and August 1972.

All of the research described in this document is unclassified. Inves-
tigators are encouraged to report their results in the open literature at
the earliest opportunity for wide dissemination of the information.



In most cases the addresses of the individual universities are given
in the summaries. The addresses of the AEC national laboratories and
other major installations are given below:

Ames Laboratory

Iowa State University of Science and Technology
Box 1129

Ames, Iowa 50012

Argonne National Laboratory
9700 South Cass Avenue
Argonne, Illinois 60439

Brookhaven National Laboratory
Upton, L. I., New York 11973

Lawrence Berkeley Laboratory
University of California
Berkeley, California 94720

Oak Ridge National Laboratory
P. O Box X
QOak Ridge, Tennessee 37830

Knolls Atomic Power Laboratory
General Electric Company

P. O. Box 1072

Schenectady, New York 12301

Mound Laboratory
Miamisburg, Ohio 45342

Notre Dame Radiation Laboratory
University of Notre Dame
South Bend, Indiana 46556

Inquiries or comments concerning the researches described in this
document should be addressed to the principal investigator or to

Dr. A. R. Van Dyken

Assistant Director for Chemistry Programs
Division of Physical Research

U. S. Atomic Energy Commission
Washington, D. C. 20545

vi



ABSTRACTS

NUCLEAR SPECTROSCOPY

Studies of nuclear structure and models by spectroscopic
measurement and analysis of radiative transitions of nuclei.

03:1 NUCLEAR AND ELECTRON SPECTROSCOPY. Freed-
man, M. S. and Porter F. T. (Argonne National Laboratory. Chem-
istry Division).

We are studying nuclear energy levels and transitions via elec-
tron, gamma, beta, and alpha spectrometry; nucleus—atom—en-
vironment interactions and atomic properties and transitions.

The following nuclear decay scheme analyses are underway*
(data complete, reduction in process) or will soon be started:
2‘“Cm*, 23"'Am*, 7'54“‘Es*, 250ES*, ZZB'I'h, Zka, 250]3](, 252ES, stcf’
#1¥m, and *'Ac. These studies mesh with the gamma and transfer
reaction spectroscopy of the heavy element group on the same or
related isotopes.

The K and L Auger spectra data of Pu, Am, Cf, and Fm are
being analyzed; Coster —Kronig transition yields in these elements
are being determined by a new technigue using our recent resolu-
tion of spectator-vacancy satellites. Orbital electron binding ener-
gies in all shells will be measured in Np, Bk, and Es to complete
our measurements in all transuranics to Fm. We intend to remea-
sure some Ko x-ray energies in transplutonium elements to ex-
plore a small systematic discrepancy (~50 eV) as compared with
K~—L binding energy differences. The orbital electron shakeoff
spectrum in beta decay (we discovered the orbital component, in
43pr) will be measured in 219Bi, 1¥1Sm, %08y — 90y and 83Ni to com
plete our survey of this phenomenon (the study of the “"Pm spec-
trum has been completed). We are studying fast {10~!12-sec) ion-
recharging times on insulating oxide films on metals to determine
the recharging mechanism. We will remeasure K orbital shakeoff
in internal conversion to reduce the experimental error, and will
attempt a measurement of double conversion by electron—electron
coincidences. We will continue our search for outer-shell shake-
off in internal conversion and will measure chemical effects in
internal conversion in 1*m8n, ¥9%Er "3Ag, and ¥Mo.

PUBLICATIONS

Porter, F. T., M. 8. Freedman, and F. Wagner, Jr., Ionization
(Shakeoff) Accompanying K-Shell Internal Conversion, Phys.
Rev., A, 2: 2246-2259 (1971).

Porter, F. T. and M. S. Freedman, Quter Shell Internal Conver-
sion of the 14 4 keV Transition in ¥"Fe: Chemical Effects and
Line-Shape Differences, Phys. Rev., A, 3: 2285-2282 (1971).

Porter, F. T., and M. 8. Freedman, Expe. raental Atomic-Electron
Binding Energies in Fermium, Phys. Rev. Lett., 27: 293-297
(1971).

Freedman, M, S., F. T. Porter, and J. B. Mann, Experimental
Inner Electron Binding Energies in !%Fm and Limits on Electro-
dynamic Non-Linearities, Phys. Rev. Lett., 28: 711-713 (1972).

03:2 NUCLEAR CHEMISTRY. Kuroda, P. K. (University of
Arkansas. Department of Chemistry, Fayetteville).

The University of Arkansas’ 400-kV Cockeroft—Walton Linear
Accelerator is being extensively used for the production of new
isotopes and isomers. Decay schemes of the newly identified
radionuclides, as well as those that were not too well established
previously, are being investigated using coincidence counting tech-
niques. The cross sections for (n,p), (n,2), (n,2n) and other rare
nuclear reactions induced by fast neutrons are being measured.

The distributions of mass and charge in fission of heavy elements
are also being determined. The possible occurrence of elements
heavier than uranium in nature is investigated. The existence of
24Py in the early solar system was postulated in this laboratory in
1960 and the first clear-cut experimental evidence for the exis-
tence of element 94 in nature was secured also in this laboratory in
1965. A search for the natural occurrence of transuranium (or
super-heavy) elements other than #*Pu will be continued for the
future. Experimental determination of the temperature of the sun’s
core is one of the most challenging problems in nuclear chemistry
today. In the March 8, 1971, issue of Nature, we proposed a new
approach to this difficult problem, and we intend to pursue this
problem during the 1970’s.

PUBLICATIONS

Kuroda, P. K., Temperature of the Sun in the Early History of the
Solar System, Nature, 230: 40-42 (1971).

Ward, T. E., N. A. Morcos, and P. K. Kuroda, Decay of *2Pm
Isomers, J. Inorg. Nucl. Chem., 34, 13-23 (1972).

Swindle, D. L., D. T. Moore, J. N. Beck, and P. K. Kuroda, Mass
Distribution of 3 MeV Neutron Induced Fission of *7Th, J. Inorg.
Nucl. Chem., 33: 3643-3647 (1971).

Swindle, D. L., T. E, Ward, and P. K, Kuroda, New Isotope #°Lu,
Phys. Rev., C, 3:-259-265 (1971),

Rao, S. A., Charge Distribution in the Fission of #¢Th, Phys. Rev.,
C, 5: 171-177 (1972).

03:3 NUCLEAR STRUCTURE AND REACTIONS. Hillman,
M. (Brookhaven National Laboratory. Department of Applied
Science).

A study of the level densities and nuclear deformation is nearing
a close. Interesting effcets have becn observed, e.g., different
gaps in the vicinity of different minima vs. deformation and at dif-
ferent spins. An improved method was developed for normaliza-
tion of the shell model energies to the liquid drop model.

In the future we plan to apply these results to a study of fission
phenomena and other nuclear reactions.

03:4 DETERMINATION OF LONG HALF-LIVES. Har-
bottle, G. (Brookhaven National Laboratory. Chemistry Depart-
ment).

The half-lives of most radionuclides up to about 5 to 10 years
are in general known with at least fair accuracy, but for many
longer-lived radionuclides, e.g., 32Si, B1pt, 108mAg 192y half-
lives are poorly known, or unknown, Two of these, 3%Si and 1%8mAg,
are of particular interest for dating and environmental studies.

High-precision methods for measuring half-lives can also be
used to study the effect of various forms of chemical binding upon
the half-life of a radioisotope: experiments measuring this effect
can be correlated with the results of M&sshauer and ESCA work,

To measure long half-lives, and chemical effects on half-lives,
a differential proportional counter has been constructed and tested
and is now operating. Il was tested with a source of #%Co; in 14
days the half-life was measured as 5.24 + 0.21 years (i.e., +4%)
compared to a reported 5.26 years. The apparatus has also per-
formed well in chemical-effects measurements. The instrument
will be employed in a long-term program of measurements of a
number of radioisotopes prepared at BNL, and supplied by col-
laborating laboratories including Los Alamos. As time permits,
several additional chemical-effects studies are planned.



03:5 NUCLEAR SPECTROSCOPY. Perlman, M. L.; Chu,
Y. Y.; Rubinson, W. (Brookhaven National Laboratory. Chemistry
Department).

Nuclear spectroscopic studies are an essential part of the nu-
clear chemistry program at BNL, and the most modern radiation
detection instrumentation is employed in this work. Some of the
investigations are of intrinsic interest for the understanding of
nuclear structure, others arise from the need to determine the
radiation characteristics of previously unknown or poorly charac-
terized nuclides encountered in nuclear reaction studies. Special
emphasis has been given to conversion of electron studies, partic-
ularly in connection with chemical effects on nuclear transitions,
and with x-ray photoelectron and Mossbauer spectroscopy.

The BNL electromagnetic isotope separator plays an important
role in the preparation of isotopically pure samples for investiga-
tion.

PUBLICATIONS

Chu, Y. Y., and M. L. Perlman, Comparison of Measured and
Theoretical Internal-Conversion Coefficients for L Through P
Shells of Cm, Phys. Rev., C, 3: 2021 (1971).

Chu, Y. Y., Decay of ¥2Tm, Phys. Rev., C, 4: 642 (1971).

Brenner, D. S., and M. L. Periman, Subshell Conversion-Line
Intensity Ratios for Some Pure Transitions, Nucl. Phys., A, 18.:
207 (1972).

03:6 ELECTRON EJECTION IN RADIOACTIVE DECAY.
Rubinson, W. (Brookhaven National Laboralory. Chemistry De-
partment).

The act of nuclear transformation by radioactive decay (or other
processes) constitutes a perturbation of the atomic electrons, with
consequent electron ejection from the atom. The prohabilities of
ejection of deep-shell electrons can be measured by way of the
intensities of the corresponding x rays characteristic of the daugh-
ter atom. This phenomenon has been studied off and on at Brook-
haven and elsewhere for more than two decades, during which time
a considerable amount of reasonably accurate data has been accu-
mulated. Interest in the problem continues because it is not well
understood theoretically. In the case of alpha decay, where the
deep atomic electrons are subjected to an adiabatic perturbation,
the measured excitation probabilities exceed the theoretical ones
by one or two orders of magnitude. In the case of beta decay,
where the perturbation is expected to be sudden, theory repro-
duces the experimental results to within ~50%. However, the re-
sults of more refined experiments recently reported in the litera~
ture have raised doubts concerning the ‘‘suddenness’” of the beta
decay perturbation. A number of new ideas for testing various
aspects of the theory are being developed.

PUBLICATIONS

Rubinson, W., The Correction for Atomic Excitation Energy in
Measurements of Energies of e~ Capture Decay, Nucl. Phys.,
A, 169: 629 (1971),

03:7 RESEARCH IN NUCLEAR CHEMISTRY. Kaplan,
Morton (Carnegic-Mellon University, Pittsburgh. Department of
Chemistry).

The current objectives of the experimental program arc to de-
velop a better understanding of nuclear hyperfine interactions, and
to use these interactions in the study of nuclear moments and de-
cay properties, and in the exploration of magnetic and electric
quadrupole effects in crystals, frozen solutions, and liquids. Moss-
bauer resonance and gamma—gamma angular correlation tech-
niques are being applied to measure the interactions of nuclei with
their surrounding electron distributions, and can frequently yield
such information in unique detail. An in-depth study of polycrystal-
line and single crystal FeCly - 6H,0 has led to the discovery of
antiferromagnetic ordering at temperatures below 1.46°K. Careful
analysis of Mdsshauer spectra for several crystal orientations and
in externally applied magnetic fields permitted the accurate deter-
mination of the crystal field splitting, the location of the elcctric-
field-gradient axes in the crystal, and the guantitative estimation
of the important exchange interactions between adjacent Fe spins.
Experiments with rapidly frozen solutions have shown that metal
ions can be irapped in the ice matrix with the liquid state configu-
ration ‘““frozen in,”’ and thus the nuclear-electronic interactions in
a very dilul: lattice are accessible. The rare earth compound
Eu(NHjy)g is under investigation, and exhibits striking paramagnetic
hyperfine structure and a very low Debye temperature.

PUBLICATIONS

Subrahmanyam, V. and M. Kaplan, Neutron and Photon Emission
from Ba Compound Nuclei, Phys. Rev., C, 1: 322 (1970).

NUCLEAR SPECTROSCOPY

Barrett, J. S., J. A. Cameron, P, R. Gardner, L. Keszthelyi, W. V.
Prestwich, and M. Kaplan, Perturbed Angular Correlation Study
of the Environment of 111Cd Nuclei in Ice, J. Chem. Phys., 53:
759 (1970).

Ehrlich, B. S., and M. Kaplan, Iodine Mgsshauer Studies of Chemi-
cal Bonding in Iodobenzene and Several Polyvalent Iodine Deriva-
tives, J. Chem. Phys., 54: 612 (1971).

Kaplan, M., A. J. Nozik, J. V. Di Lorenzo, and T. X, Carroll,
Mosshauer Studies of Ions in Ice, in Proceedings of the Confer-
ence on the Application of the Mdssbhauer Effect, Tihany, 1969,
p. 597, Akademiai Kiado, Budapest, 1971,

Kaplan, M., and T. X. Carroll, Anomalous Mdsshauer Spectra of
Ferric Chloride Hexahydrate, in Proceedings of the Conference
on the Application of the M8ssbhauer Effect, Tihany, 1969, p. 169,
Akademiai Kiado, Budapest, 1971.

03:8 NUCLEAR SPECTROSCOPY. Brenner, Daeg S. (Clark
University, Worcester, Mass. Depariment of Chemistry).

The central objective of our decay scheme studies at Clark Uni-
versity is to gather information about the energy levels of nuclei
that have permanently deformed ground state configurations. In
»articular, we have focused attention on the class of nuclei that
wave an unpaired proton, comparing the experimental energy level
structure with that predicted using the collective theory of Nilsson.
Finer details of the theory are also examined in those instances in
vhich the experimental level structure is well-defined. Examples
»>f these finer details are the nuclear Coriolis coupling between
rotational and particle angular momentum and the predictions of
the microscopic siructure for collective vibrational levels.

Decay scheme studies of ¥ Er, Er, and 9Yb are currently
being carried out. In most cases y-ray singles and coincidence
spectra and conversion electron spectra arc measured. Lifetimes
of isomeric states are also under investigation.

Future plans are to extend our studies of nuclear systematics to
lighter Er isotopes. This region of deformed nuclei has generated
considerable theoretical interest because of the close proximity of
strongly interacting nuclear states.

PUBLICATIONS

Wood, J. L., and D, S, Brenner, The Decay of ®!Er to Levels in
81[Jo, Nucl. Phys., A, 185: 58-80 (1972).

Brenner, D. S., and M. L. Perlman, Subshell Conversion-Line In-
tensily Ratios, Nucl. Phys., A, 181: 207-216 (1972).

Wood, J. L., and D. S, Brenner, The Decay of ¥2™Ho to Levels in
16213y Nucl. Phys., A, 174: 353-364 (1971).

03:9 AN EXPERIMENTAL STUDY OF NUCLEAR MODELS.
I. DECAY SCHEMES AND NUCLEAR REACTIONS. 1I. MUONIC
X-RAY STUDIES. Sheline, Raymond K. (Florida State University,
Tallahassee, Department of Chemistry).

The primary objective of the program is to perform cxperimen-
tal tests of current nuclear models, These experiments involve
three different types of nuclei. The first type is that of shell model
nuclei. Studies will be performed on Y, 3La, a serics of Ce iso-
topes, *Bi, 10Bi, and 29%Bi. The second type is that of nuclei that
lie in a transition region between spherical and well-deformed re-
gions. A series of Os nuclei, "Eu, ®Ru, !Pd, and some light Ba
isotopes will be studied. The third type is that of deformed nuclei.
Those strongly deformed nuclei that will be investigated are a
series of Ho isotopes and a series of Hf isotopes. Experimental
methods involve nuclear reaction spectroscopy in which a magnetic
spectrograph of the Browne —Buechner type is coupled to the FSU
tandem Van de Graaff. Collaborative studies will involve Los
Alamos, the Risg Laboratory of the Danish Atomic Energy Com-
mission, and the Technische Hochschule in Munich. The contact
with Los Alamos is especially close. Their triton beam will be
used to study proton cxcited states by means of the (t,@) reaction.
A new program using the facilities of LAMPF will be initiated in
collaboration with LASL scientists. This program involves a siudy
of nuclear structure using muonic x rays.

PUBLICATIONS

Motz, H. T., E. T. Jurney, E. B. Shera, and R. K. Sheline, Low-
Lying Configurations in 2108i, Phys. Rev. Lett., 26: 854 (1971).

Bennett, Michael J., Raymond K. Sheline, and Y. Shida, Levels in
1538m . Nucl. Phys., A, 171: 113 (1971).

Jones, H. D., and R, K. Sheline, Encrgy Levels of 8 Tm, Ann. Phys.
(N.Y), 62 28 (1971).

Onishi, N., and R. K. Sheline, The Tetrahedral Deformation in the
Nucleus 0, Nucl. Phys., A, 165: 180 (1971).

Slater, J. L., R. K. Sheline, K. C. Lin, and W, Weltner, Jr., Syn-
thesis of Uranium Carbonyls Using Matrix Isolation, J. Chem.
Phys., 55: 5129 (1971).



NUCLEAR SPECTROSCOPY

03:10 COULOMB EXCITATION, Diamond, Richard M. and
Stephens, Frank S. (Lawrence Berkeley Laboratory. Nuclear
Chemistry Division).

The use of ions heavier than {He (up to 4°Ar) has revolutionized
Coulomb excitation studies, and made new types of experiments
possible. Still heavier ions such as Kr, Xe, and even Hg or Pb,
will allow a still wider range of studies. We plan to use Kr and
Xe beams to Coulomb cxcite the ground-state band in well-de-
formed nuclei such as 22U and in vibrational nuclei such as '"Pt,
In the case of *¥U we calculate that we should excite levels up to
spin 30; the resulting energy level spacings would be a very
stringent test of the rotor model. The information on the transi-
tion energies and on the intensities of the transitions should yield
a great deal of information wbout the nature of the higher levels,
that is, whether they are a continuation of the ground-state rota-
tional band or have changed over into another type of state, as
some recent experiments suggest. Another way to obtain informa-
tion about nuclear rotation is to determine the transition moment
between rotational levels. The use of Kr and Xe beams will be very
helpful in this regard, as the accuracy of the recoil-distance
Doppler-shift method for lifetimes in the 1071 to 102 second
range will be improved over what we have already achicved using
10Ar beams. We have pointed out some of the advantages to be
gained in the Coulomb excitation of rotational bands with very
heavy ions. Comparable improvements should occur in the study
of other collective modes of excitation related to the ground state.

03:11 ON-LINE ALPHA SPECTROSCOPY OF ELEMENTS
BELOW URANIUM AT SUPERHILAC. Iyde, Earl K. and Eppley,
Richard E. (Lawrence Berkeley Laboratory. Nuclear Chemistry
Division).

During the past 10 years heavy ion reactions induced by “B,
2c, 4N, 20Ne, and other ions up to ??Ne have been used to produce
new isotopes of the elements from osmium (Z = 76) to protac-
tinium (Z = 91). By use of the helium-jet transport technique for
rapid removal of reaction products and of surface-barrier semi-
conductor detectors for alpha particle analysis the decay proper-
ties of about 100 new nuclides have been characterized including
many with half-lives in the millisecond time ranges.

With new beams of projectiles having mass 40 and much greater
available at the SuperHILAC, these studies are being continued. In
the course of this work it should be possible to establish for sev-
eral elements the lightest isotope retaining the ability to bind the
last protan. This proton-binding limit is a severe test of nuclear
mass formulas. The phenomenon of delayed proton emission is
also under study.

The identification among the products of nuclear reactions in-
duced by complex projectiles of known alpha-emitting nuclei, and,
in particular, the measurement of yield patterns for these nuclides
are serving as useful means of study of the mechanism of these
nuclear reactions. It is of particular interest to study the yields of
products in the lead to thorium region when the compound nucleus
for the rcaction has a nuclear charge well over 100.

PUBLICATIONS

Borggreen, J., and E, K. Hyde, Alpha Decay of Neutron Deficient
Osmium Isotopes, Nucl. Phys., A, 162: 407 (1971).

Borggreen, J., K. Valli, and E. K. Hyde, Production and Decay
Properties of Protactinium Isotopes of Mass 222 to 225 Formed
in Heavy Ion Reactions, Phys. Rev., C, 2: 1841 (1970).

Valli, K., E. K. Hyde, and J. Borggreen, Production and Decay
Properties of Thorium Isotopes of Mass 221—224 Formed in
Heavy lon Reactions, Phys. Rev., C, 1: 2115 (1970).

03:12 STATISTICAL NUCLEAR PROPERTIES. Morgtto,
L. G. and Thompson, S. G. (Lawrence Berkeley Laboratory. Nu-
clear Chernistry Division).

The aim of this project is to obtain a suitable theoretical de-
scription of excited nuclei on the basis of statistical mechanics.
Such an approach allows one to illustrate the mean properties and
the fluctuations of the nucleus as well as its different modes of
decay.

We are attempting to derive the relevant statistical and thermo-
dynamical functions on the basis of realistic shell models with the
inclusion of different residual interactions. In ihe calculations the
constants of motion, like energy, particle number, angular mo-
mentum and parity are explicitly accounted for.

The statistical functions that are obtained are also dependent
upon the nuclear deformation; this has an immediate application to
the fission process. The stability of nuclei with respect to fission
can be compared with the stability towards other modes of decay.
Such an approach can bhe useful in evaluating the possibility of the
synthesis of super-heavy elements by means of heavy~ion reac-
tions. It is infact possible 10 calculate the survival ratio of super-
heavy nuelei with respect to fission.

Although the above line of research has a well-established theo-
retical foundation, the actual results, when compared to experi-
mental data, may be unsatisfactory because of the deficiencies of
the shell model. In order to avoid this difficulty we are attempting
to generate the statistical functions in a semiempirical way using
available nuclear data like the nuclear masses and the positions of
the nuclear magic numbers. This method should provide a long-
needed and reliable tool for the interpretation of nuclear reactions.

PUBLICATIONS

Moretto, L. G., Nucl. Phys., A, 182: 641 (1972).
, Nucl. Phys., A, 180: 337 (1972).
., Phys. Lett., B, 38: 393 (1972).

03:13 HIGH-SPIN STATES IN NUCLEI. Stephens, Frank S.
and Diamond, Richard M. (Lawrence Berkeley Laboratory. Nuclear
Chemistry Division).

One of the general properties of heavy-ion reactions is that they
involve large amounts of angular momentum and therefore often
lead to the population of high-spin states in nuclei. For a number
of years we have used one such reaction, heavy-ion-induced com-
pound nucleus formation, in a systematic study these high-spin
states. It has been known for some time that near closed shells
angular momentum is most efficiently carried by one or a few
nucleons in high~j shell-model orbits; whereas, far from closed
shells the nuclei are deformed and rotate to carry angular momen-
tum efficiently. The new and interesting features concern inter-
mediate situations, two of which are: a) in even-even deformed
nuclel at angular momenta around 16 4, there is evidencé that the
rotational motion begins to be replaced by individual nucleons in
high-j orbitals; and b) there is increasing evidence that the region
between the closed shells and the deformed nuclei can be described
as a reasonably simple mixture of these two types of motion. The
study of high-spin states is an exciting area that has developed
rapidly in the last few years and shows promise of becoming much
better understood in the next few.

03:14 SELECTED NUCLEAR MEASUREMENT POSSIBILI-
TIES WITH VERY HEAVY IONS. Stephens, Frank S. and Diamond,
Richard M. (Lawrence Berkeley Laboratory. Nuclear Chemistry
Division).

The availability of very heavy ions (20 = Z = 100) from the
SuperHILAC opens up a number of entirely new experimental
areas. We are quite interested in exploring some of these, and
will mention briefly two examples that we hope to be studying in
the next year. The first is the nuclear Josephson effect, which is
the predicted very large probability for transferring a pair of nu-
cleons in the (quasi-elastic) scattering of two superconducting
nuclei. The analogy is to the Josephson current (pairs of elec-
trons) that flows across a thin insulator separating two supercon-
ductors. This represents the most severe test yet envisioned for
the superfluid theory of heavy (Z = 50) nuclei. Projectiles at least
as heavy as tin (Z = 50) are required. The other new experiment
has to do with gquantum electrodynamical cffects in atoms having
Z =~ 170. For such a large Z, the K-binding energy has been cal-
culated to exceed 2mgc? and the Dirac theory breaks down. In a
close collision of U on U, a system with Z ~ 184 exists for a short
time, and should he affected by the unusual electron binding. Pos-
sible ways to detect these effects would be to observe K x-ray
emission and/or 8" emission. It seems clear that a number of
other new and interestling experiments will be made possible using
very heavy ions.

03:15 RESEARCH IN NUCLEAR CHEMISTRY: RADIQACTIVE
DECAY SCHEMES. Gordon, G. E.; Viola, V. E. Jr.; and Walters,
W. B. (University of Maryland, College Park. Department of
Chemistry).

Our current program involves the study of radioactive decay of
elements for which Z < 67 in order to determine the energies, in-
tensities, and coincidence relationships of the emitted 8 and y rays.
Studies are also in progress to determine the half-lives, masses,
and alpha-decay branching for highly neutron-deficient, uncharac-
terized isotopes of U, Pu, and Cm.

Studies are currently underway on the decay of neutron-deficient
Dy isotopes of A = 147 to 155 in order to obtain a systematic pic-
ture of the changing structure of Tb nuclides as the shape of the
nucleus changes from spherical near the closed neutron shell (A =
147) to deformed (A = 155). Other studies are in progress on the
decay of #!Te to further characterize the 6-ns isomer located at
1797 keV in B!l. Recent studies on the decay of ’Sn suggest this
isomer may have spin and parity %",

A Jong-standing project involving the study of nuclear energy
and half-life systematics for the heavy elements is also continuing.
These studies involve experimental attempts to characterize
short-lived heavy nuclides (A > 160) that have been previously un-



observed, as well as semi-theoretical calculations of the proper-
ties of unknown nuclides. The calculations have recently been ex-
tended to the nuclides hypothesized to exist in the region near

Z =114 and N = 184,
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03:16 A GENERAL NUCLEAR CHEMISTRY RESEARCH PRO-
GRAM COMBINING CONVENTIONAL NUCLEAR SPECTROSCOPIC
TECHNIQUES WITH ON-LINE SPECTROSCOPY AND NUCLEAR
REACTIONS. McHarris, Wm. C. and Bernthal, Frederick M.
(Michigan State University, East Lansing. Department of Chemis-
tryj.

The primary objective of nuclear chemistry research at Michi-
gan State is to contribute to the understanding of the fundamental
properties and structure of the nucleus. The experimental tech-
niques employed are primarily y-ray, electron, and charged-
particle spectroscopy. Expcriments are carried out both on-line
to the MSU sector-focused cyclotron, and off-line as studies of
radioactive decay. Current areas of investigation include in-beam
v~ray spectroscopic studies of nuclei near the Z = 50 and N = 82
closed shells; in-heam (@ ,xny) and (HI,xnvy) spectroscopy of nuclei
near the edges of the rare earth region of deformation; investiga-
tions of the structure of odd—odd nuclei by (p,ny) studies of nuclei
near and within the 20- and 28-nucleon shells; study of the radio-
active decays of even- even neutron-deficient Pb isotopes; (p,d),
(p,t), (He,d), and (x,t) direct reaction charged particle spectros-
copy; study of anomalous EC/B" branching ratios. Research will
continue in all of these areas, and future projects planned include
investigation of the properties of nuclei at very high angular mo-
mentum, fission research, and decay studies of nuclei far from the
line of 37 stabilily. In addition to these areas of ongoing basic re-
search, the nuclear chemistry group at MSU has begun interdis-
ciplinary cooperative research programs with the departments of
geology and chemical engineering where nuclear instrumentation
and technology are applied to problems in elemental analysis, and
motoring of environmental pollutants.
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03:17 LOW-Z NEUTRON-DEFICIENT RARE EARTH NU-
CLIDES. Brosi, A. R. and Ketelle, B. H. (Oak Ridge National
Laboratory. Chemistry Division).

in any given element among the low-Z neutron-deficient rare
earths there is a transition from spherical to deformed nuclei as
the neutron number is reduced from that of the 82-neutron shell.
Because of the marked differences between spherical and deformed
nuclei, the nuclear spectroscopy of the transition nuclides is of
considerable interest. Several new praseodymium and neodymium
isotopes in the transition region have been identified and the level
structures of the daughter nuclei are now being studied.

The lower levels in the even—even isotope %¢Ce, populated by
the decay of B8Pr, can be separated into bands that are qualita-
tively similar to the gamma- and ground-state bands found in the
deformed nuclei. The spins of the low levels of an odd—odd spheri-
cal nucleus can usually be predicted from the spins of adjacent
odd neutron and odd proton nuclei. We have found the low-level
spin sequence of %Pr, populated by !%Nd decay, to be that pre-
dicted for a spherical nucleus.

NUCLEAR SPECTROSCOPY

We have worked out the level structure populated by B'Nd decay
and are now working on spin assignments. Among other nuclides
for which considerable new data arc at hand, *Pr is of particular
interest because it is expected to populate a level structure analo-
gous to that of ¥Ce,
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03:18 COULOMB EXCITATION AND IN-BEAM REACTION
v-RAY SPECTROSCOPY. Eichler, E.; Johnson, N. R.; and
O’Kelley, G. D. (Oak Ridge National Laboratory, Tenn. Chemistry
Division).

By observing y rays emitted from targets hombarded with heavy
ions below (Coulomb excitation) and above the barrier (reaction
y-ray spectroscopy) a host of new information on nuclear collec-
tive states can be obtained.

[n the Coulomhb excitation areca we will complete elaborate stud-
ies of the longer-lived and more abundant actinides: #32Th, 24y,
BeYy, VY, and #?Pu as well as several complementary investiga-
tions of Dy and Hf targets. Rotational bands will be excited to look
for deviations from the collective model duc to such effects as the
nuclear phase transitions. These resulls will bear heavily on the
question of hexadecapole moments in deformed nuclei. Our results
have already been useful in removing the ambiguity in sign which
handicaps the @ -particle measurements.

With the reaction gamma-ray technique we will also study rota-
tional states in deformed nuclei in an effort to map the I vs. A
dependence of the phase transitions.

By using the Doppler shift-plunger method, we will measure
accurate E2 lifetimes for several salient targets such as 80,
22py, and #8Cm. Correlation of these results with the measured
Coulomb excitation probabilities should yield accurate hexadeca-
pole moments.

Although we will utilize ORIC as the prime source of heavy ion
beams, we plan to make complementary experiments with heavier
jons, e.g., ¥Kr and ¥Xe, from the Super HILAC at Berkeley.

03:19 COLLECTIVE PROPERTIES OF NUCLEI, Johnson,
N. R.; Eichler, E.; and O'Kelley, G. D. (Oak Ridge National Tabo-
ratory, Tenn, Chemistry Division).

We continue studies of deformed nuclei by spectroscopic tech-
niques to understand how mixing of rotational and vibrational bands
affects such quantities as level energies and reduced E2 transition
probabilities. This contributes also to the microscopic description
of excited states, as in W where some states can be clearly iden-
tified with specific Nilsson representations. These studies from
radioactive decay, serving as an important complement to our in-
beam spectroscopy program on rare earth nuclei, will be extended
to actinide nuclei.

In the region of medium-weight, even—even, spherical nuclei we
will continue to examine the applicability of a vibrational treatment.
Expcriments on 2Ni indicate that we probably will be able either
to determine or to set a limit on the nuclear monopole matrix ele-
ment for the ground-state transition from the excited 0% level.
Since it can occur only while an clectron senses the nuclear charge
distribution by penetrating the nucleus, il is a sensitive test of the
vibrational interpretation of the state.

‘The exciting collaboration with UNISOR will begin with placing
the system and auxiliary equipment on-line. Our cxperiments will
cmphasize the advantages of heavy ions, i.e., the large recoil en-
ergies of the products. We hope to find a new region of deforma-
tion in the neutron-deficient rare earth nuclei.
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03:20 NUCLEAR CHEMISTRY RESEARCH. Naumann,
Robert A. (Princeton University, N. J. Departments of Chemistry
and Physics).

This research program is concerned with experimentally deter-
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mining the properties of light- and medium-mass nuclei using the
Princeton University sector-focus cyclotron. Of special interest
are the location and the properties of excited nuclear states with
high angular momentum. Current nuclear models predict two lim-
iting categories for these: single particle states, where a few
nucleons participate, and collective states involving many nucleons.
These high-spin states are reached by radioactive decay or nuclear
reaction.

Our equipment includes high-resolution germanium gamma spec-
trometers operated in coincidence with fast timing circuitry.
Multiparameter data are accumulated in a Sigma 2 computer. An

_electromagnetic isotope separator of radius 150 centimeters is
used both to prepare isobarically pure samples of short-lived
radioisotopes and to implant radioisotopes in ferromagnetic media
for perturbed gamma—gamma angular correlation studies. Pres-
ently the electromagnetic isotope separator is being installed in
the external beam of the Princeton Cyclotron to form an on-line
facility where isotopes of very short half-life can be prepared,
separated, and studied. The investigation of the beta decay of light
mirror nuclei will be of particular interest as well as the search
for delayed proton or alpha emission after beta decay.

With the completion of the Princeton high-transmission particle
spectrograph in the next year, we intend to supplement our studies
of rnuclei far from stability with charged particle spectroscopy
involving pick-up reactions such as (p,t) or (¢He,fHe).

During the spring and summer of 1973, we will collaborate with
staff members at the Los Alamos meson facility on an experimen-
tal investigation of the processes accompanying the capture of
negative mu mesons when stopped in various absorbers. Recent
experiments in the Soviet Union have claimed evidence for a
marked effect of the chemical nature of the stopping medium on
this capture process.
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03:21 RADIOCHEMICAL INVESTIGATIONS OF NUCLEAR
PROPERTIES, Daly, Patrick J. (Purdue University, Lafayette,
Ind. Chemistry Department).
The research work of our nuclear chemistry group is mainly

devoted to investigations of the structure of nuclei in the impor-

' tant transitional mass range A = 180 to 200. The experimental
techniques of on-line reaction spectroscopy with the Purdue Tan-

“dem Accelerator and of radioactive decay spectroscopy are used
in various nuclear structure studies, and in several instances both
techniques are used together to yield complementary information
about the same final nuclei. The radioactivity investigations fre-
quently involve the identification and characterization of short-
lived radioisotopes and this work exploits the special radiochemi-
cal skills of the nuclear chemist. Work in progress includes
(a) studies of the nuclei ¥2W and B4W by neutron-transfer reac-
tions and radioactive decay spectroscopy; (b} an investigation of
the 1#0s level structure from the decays of 1**Re and *Ir; (¢) in-
vestigations of the level spectra of neutron-deficient, even—even
Os nuclei be in-beam (p,2ny) and {(a,2ny) spectroscopy and by
radioactive decay; (d) characterization of a newly discovered 12~
isomer of ™Au; (e) a comprehensive and important examination of
high-spin negative parity band structure in even—even isotopes of

Pt and Hg, using both the in-beam and radioactive decay techniques.
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03:22 NUCLEAR SPECTROSCOPY AND NUCLEAR REACTION
WORK WITH (a) THE HEAVY ION ACCELERATOR, YALE UNI-
VERSITY AND (b} THE 4-MeV DYNAMITRON AT SUNY, ALBANY,
N.Y. Bakhru, Hassaram (State University of New York at Albany.
Physics Department).

The availability of various heavy ions (10-MeV /nucleon) at the
Heavy lIon Accelerator at Yale University makes it possible to
study the heavy-ion compound nucleus process. For example,
competition between neutron, proton, and alpha emission has not
been well studied under diverse combinations of mass region and
level structure. Also the level spectra in the A> 100 suggest that
proton emission is equally favored as compared to neutron emis-
sion. These methods will be utilized to study the reaction mecha-
nism. The second approach is to utilize the heavy ions to produce
the neutron-deficient, short-lived isotopes and study the level
structure of these isotopes. The y-ray spectroscopy work on Br,
Rb, and Kr isotopes is in progress. Level structure studies on
these isotopes both from the radioactive decay studies and also
from the prompt gamma-ray studies have been undertaken.

The neutron- and «-particle-induced work at SUNY, Albany
(using 4-MeV Dynamitron) would provide useful information on
the cross sections, excitation energies, spins, and particles of
resonance levels. Also, calculation of partial widths, quadrupole to
dipole mixing ratio would yield useful information in clear under-
standing of theories. The (&,y) work on ¥Mg, 31P, 5C1, and ¥Cl
targets using high-resolution solid state detectors is in progress.
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03:23 ON-LINE ALPHA AND PROTON DECAY SPECTROME-
TRY. Macfarlane, R. D. (Texas A&M University, College Station.
Department of Chemistry).

The major objective of this project is to obtain information on
nuclei away from the valley of maximum nuclear stability. The
purpose is to learn more about the nature of nuclear forces through
a measurement of nuclear binding energies. The results have
relevance to stellar nucleosynthesis and to the mechanism of nu-
clear fission.

The efforts of this project have, over the past several years, led
to the discovery of close to 100 new radioactive isotopes. Work is
being devoted to B-decay problems in the light elements which have
some connection to elementary particle physics. New information
is being obtained on mirror symmetry, 8—v directional correla-
tions, and isospin mixing near isobaric analog states. New experi-
mental techniques are continually being developed to probe the
nature of the nucleus. The helium-jet recoil transport method can
be used to transport short-lived nuclei over large distances.
Recent applications include the studies of accelerator-produced
activities, short-lived fission products from 22Cf, and rapid trans-
port of radiopharmaceuticals. A new approach to on-line mass
spectrometry is being developed that utilizes recoils from radio-
active decay processes to identify the mass of decaying species.
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03:24 SPECTROSCOPY OF TRANSITIONAL AND DEFORMED
NUCLEI. Sugihara, T. T. (Texas A&M University, College Sta-

tion. Cyclotron Institute).

Stimulated by recent theoretical work by Tamura, Vogel, and
others in describing collective states of transitional nuclei, we
have studied the low-lying structure of neutron-deficient nuclei
with neutron numbers 84, 86, and 88. Both the in-beam xny method
and radioactive decay have been used to determine energy, spin,
and parity of levels in M8 150:152Gq 150152y and 154 556Er, In the
decay studies the odd—odd parent nuclides of Tb and Ho were found
to exist in isomeric states; the systematics of isomerism are
being explored. A modified version of the helium-jet recoil-irans-
port system of Macfarlane has been devised to provide sources of
short-lived nuclear reaction products in a low-background area
and in a form suitable for y-ray spectroscopy. Coincidence spec-
tra, level lifetimes, and angular correlations can be obtained even
for nuclides with half-lives of the order of a second. With only
minor modifications the helium-jet system has also been adapted
for conversion-electron spectroscopy. The electron-sicering
device of Watson will be used to obtain in~-beam conversion-elec-
tron spectra from (& ,xne) reactions, particularly to search for
excited 0% states. An experimental determination of the encrgies
of these states will permit an important test of Tamura’s model.
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03:25 NUCLEAR STRUCTURE STUDIES OF NUCLEI IN THE
Z > 28, N < 50 and Z < 50, N > 50 Major Shells. Sarantites,
Demetrios G. (Washington, University, St. Louis. Department of
Chemistry).

The efforts of this project are directed toward the advancement
of our knowledge of the detailed properties of the lowest quantum
states of nuclei in order to obtain new information necessary for a
better understanding of the behavior of nuclei. At present, empha-
sis is given in the Z > 28, N < 50 and Z < 50, N > 50 major shells
and in particular to nuclei with Z or N of 43, 45, or 47 in which
the g, orbit is being filled. The detailed structure of these nuclei

is not adequately described by any of the current models for nuclei.

The detailed predictions of the pairing-plus-quadrupole model, the
extended quasiparticle-phonon coupling model, and the Nilsson
model for the collective behavior of nuclei are tested by compari-
son with experiment for nuclei in this region. Investigations are
in progress that give information about the y-decay properties of
nuclear levels by selective excitation via in-beam nuclear reac-
tions such as (p,ny),((p,p’y), (@ ,py), and (@ ,ny), or following radio-
active decay. Measurements are performed for determination of
(a) nuclear level lifetimes either via delayed coincidence or Dop-
pler shift attenuation techniques, (b) nuclear level spins and multi-
pole mixing ratios via singles y-ray, vy, or py coincidence angular
correlation techniques, and (c) measurements of internal conver-
sion coefficients.

Extensive use of high~-resolution Si(Li) particle or electron and
Ge(Li) y-ray detectors is made in singles or in multiparameter
coincidence arrangements. The structures of {1Se,,, {1Se,s, $Tc,,,
$3Tegy, $3Srys, and §iKr,; together with §{Cug, and §iNiy, are cur-
rently being investigated.
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03:26 YALE HEAVY ION ACCELERATOR IN-HOUSE RE-
SEARCH. Rasmussen, J. O. and Rezanka, I. (Yale University,
New Haven, Conn.).

The Yale Heavy Ion Accelerator is operated under AEC auspices
and aids the far-ranging research of a large number of labora-
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tories as well as maintaining its own in-house research group.
This summary is confined to the in-house research activities,

The experimental program is based mainly on high-resolution
gamma-ray spectroscopy with Ge(Li) detectors and data collection
systems based on PDP&/1 computers. With these capabilities
threefold studies are concentrated on the energy level systems of
particular nuclei, often inaccessible except with heavy ions:

(1) in-beam studies of gamma radiation emitted essentially in-
stantaneously with formation reactions of (heavy ion,xn) type,

(2) between-beam-pulse studies of millisecond-delayed gamma
radiation, and (3) complementary radioactive decay scheme stud-
ies populating the same nuclei. For example, millisecond isom-
erism and complementary studies are underway in the region of
radium, radon, lead, and lutetium. The region around 89 neutrons
has been of interest for in~-beam and radicactivity measurements,
including three dimensional (gamma-—gamma—time) gigachannel
coincidence work and angular distribution measurements. A
series of odd-mass hafnium isotopes have also been studied. The
above experimental studies have revealed highly perturbed bands,
stimulating us to push theoretical studies of Coriolis band mixing,
with special emphasis on more careful treatment of number con-
servation in the pairing force effects.

We have also developed computer programs for heavy ion reac-
tion and scattering cross sections on deformed as well as spherical
targets. As outside users of the Berkeley Super HILAC we plan to
carry out reaction experiments aimed at elucidating the nuclear
shape effects, both static and dynamic, in collisions of heavy nu-
clei.
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ALSO SEFE Nucleay Reactions: 03:30, 03:39, 03:40, 03:41, 03:44,
03:46, 03:48, 03:56, 03:57, 03:60, 03:62; Heavy Element Chemistry:
03:66, 03:67, 03:73, 03:75, 03:83, 03:84, 03:89; and Kinelics and
Mechanisms: 03:214.
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Studies of nuclear structure by detection and analysis of colli-
sion processes between nuclei.

03:27 HIGII ENERGY NUCLEAR CHEMISTRY. Steinberg,
E. P.; Kaufman, S. B.; and Wilkins, B. D. (Argonne National
Laboratory, Chemistry Division).

The program is directed toward the elucidation of the mecha-
nisms of nuclear reactions—in particular, those induced by
high-encrgy protons in complex nuclei. The mechanisms ure
generally classified as fission, spallation, fragmentation, and
simple (i.e.. {p, 2 nucleon)) reactions. Radiochemical and on-
line counting techniques are employed and allied studies at low
energies and with other projectiles are also pursued to aid in
the interpretation of the high-energy phenomena and to develop
new techniques.

We are currently completing the analysis of the data from an
on-line, semiconductor detector study of the mass, energy, and
angular correlations of the products of the interaction of 11.5-
GeV protons with uranium. Studies of the pulse-height versus
energy responsc of the detectors were rccently investigated and
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a theory of their behavior with heavy ions proposed. Further
studies of these detectors are continuing as a PhD thesis problem
for a student. The results of recently completed studies of (1)

the angular distribution of long-range alpha particles accompany-
ing the spontaneous fission of **Cf, (2) the #Cu(p,n)®zn and
83Cu(p,2n)8Zn reactions from 1.5 to 11.5 GeV, (3) the *Mg(p,2p)
2Na reaction from 3.0 to 11.5 GeV, (4) the 209Bi(p,2p5n)203ph
reaction from 0.15 to 11.5 GeV, and (5) the absolutc cross scction
for the 2C{p,pn)!'C reaction at 7.6 GeV are being prepared for
publication. One of the purposes of the latter study was to estab-
lish the technique to be used in the measurement of this funda-
mental monitor reaction at NAL and LAMPF in the near future.

A major, new interpretation of nuclear fission involving a
semi-empirical treatment of deformed nuclear shell effects has
been developed. It accounts remarkably well for the main fea-
tures of the fragment mass and charge distributions and kinetic
energy and excitation energy of the fragments over the entire
range of fissile nuclei. Further development of this idea is being
actively pursued.

The origin of the so-called fragmentation products (A ~ 20 to
70) and the existence of a high-excitation energy fission mecha-
nism are still open questions. We have designed an experiment
to test an explanation that couples the two phenomena in terms
of a cascade-fission mechanism, i.e., fission at high excitation
energy followed by a secondary fission from one {or both) of the
excited fragments leading to a fragmentation product. This ex-
periment will be carried out at the ZGS as soon as the accelerator
is back in operation. Other radiochemical studies of fission—
spallation competition at high energy are being planned to estab-
lish whether a high excitation energy fission mechanism is prom-~
inent. -

A major effort in the near future will be directed toward survey
studies of the reactions occurring at 200 GeV at NAL tc deter-
mine the appearance of any new phenomena and a study of pion-
induced, simple nuclear reactions at LAMPY for comparison with
proton-induced reactions and the known pion—nucleon, free-
particle parameters to establish the reaction mechanism.
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03:28 RADIOCHEMICAL RECOIL STUDIES OF HIGH-EN-
ERGY NUCLEAR REACTIONS. Cumming, J. B.; Remsberg,
L. P. (Brookhaven National Laboratory, Chemistry Depart-
ment).

In this work, measurements are made of the momentum trans-
ferred to products of nuclear reactions induced in complex nuclei
by high-energy particles, particularly protons. Characteristic
radioactive decay properties are used for the identification of
products of interest. The data are interpreted in terms of mecha-
nisms for the reactions, such as binary figsion, spallation, or
fragmentation.

Angular distributions are obtained by measuring yields of

 products which recoil out of thin target foils and are trapped
in thick catchers at various angles to the beam direction. Mo-
mentum spectra are derived from the depth of penetration into
a stack of thin catchers positioned at a given angle. Radiochem-
ical separations are usually employed to facilitate the assay of
specific nuclides.

Emphasis has been’placed recently on studies of uranium tar-
gets. It was concluded that binary fission is the dominant process
at 2.2 GeV, although there is some contribution to yields of neu-
tron-deficient products from a spallation-like process. At 28
GeV, neutron-deficient rare earth nuclei are formed mainly by
this spallation-like process which probably involves emission
of light fragments. Experiments in progress include more de-
tailed comparisons of results from U and Ta targets at 28 GeV,
and studies of the interactions of bismuth and 2.2-GeV protons.
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03:29 THE BROOKHAVEN SOLAR NEUTRINO EXPERI-
MENT. Davis, R.Jr. (Brookhaven National Laboratory, Chem-
istry Department).

An experiment has been in progress to observe the neutrino
radiation from the sun to test the current theories of the solar
energy-producing processes. Neutrino detection is based upon
the neutrino-capture process Y7Cl(v,¢7)3TAr that produces the
35-day radioactive product 3’Ar. The detector uses 10° gallons
of perchloroethylene (CoCl.y) us a neutrino-capturing medium.
The radioactive ¥Ar is removed from the liquid by purging with
helium gas, isolated on charcoal, purified and counted in a small
proportional counter. The deteclor system is located a mile
underground in the Homestake Gold Mine in Lead, S. Dakota.

Recently the scnsitivity for observing and characterizing ¥Ar
decay events in the small proportional counter has been in-
creased by measuring the pulse height and rise-time of the
pulse. It has been concluded from measurements extending over
the last two years that the neutrino-capture rate in the detector
is less than 0.2 per day. Current theoretical models of the sun
predict the solar neutrino-capture rate should be 1.8 per day,

a factor of 9 above the observed rate. Further experiments are
underway and planned (1) to improve the statistical accuracy of
the measurement, (2) to further confirm the validity of the ex-
perimental result. The unexpectedly low solar neutrino-capture
rate cannot be explained without drastic changes in our ideas of
the internal structure of the sun or possibly without introducing
new properiies of the neutrino that have not been revealed in
laboratory experiments.

Systems for radiochemical detection of low-energy solar neu-
trinos, particularly the "Li(v,e”)"Be systcm, are under intensive
investigation.
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03:30 FORMATION CROSS SECTIONS OF HIGH-ENERGY
FISSION AND SPALLATION PRODUCTS. Friedlander, G.,
Chu, Y. Y., Cumming, J. B, Hudis, J., Katcoff, S. (Brookhaven
National Laboratory, Chemistry Department).

When a beam of high-energy (> 100-MeV) particles interacts
with a medium- or high-Z target, a multitude of nuclides is
produced. Formation cross sections for individual product nu-
clides are thus among the basic data needed for an understand-
ing of high-energy nuclear reactions, and a program of mea-
surements of such cross sections has been in progress at BNL
for twenty years. Current emphasis is on (1) development of
techniques for determination of many cross sections in medium-2Z
targéts by direct gamma spectroscopy with Ge(Li) detectors and
(2) detailed studies of charge and mass distributions in the region
of rare earth products from 28-GeV-proton irradiations of Th
and Ta targets. In the latter studies, chemical and mass sep-
arations are performed as needed to isolate particular products,
but direct measurements of short-lived rare earth a emitters
are also in progress since the measured yield of a given mass
chain may have to be corrected for feeding or depletion by
decay.

Measurements of spallation cross sections in a Cu target ir-
radiated with 3.9-GeV 1N ions in the PPA will be compared with
corresponding cross sections for protons of the same total kinetic
energy. The direct gamma spectroscopy technique will be applied
to spallation studies with 200-GeV protons at NAL and with pions
at LAMPF.
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03:31 COMPUTER SIMULATIONS OF HIGH- AND LOW-
ENERGY NUCLEAR REACTIONS. Harp, G. D., Friedlander, G.
Miller. J. M., (Columbia Univ.), Bertrand, F. E. (ORNL).
(Brookhaven National Laboratory, Chemistry Department).

In parallel with the extensive experimental investigations of
both high- and low-energy nuclear reactions at BNL, theoretical
studies have always been carried on to aid in the systematization
and understanding of the experimental results. One nuclear
model that has proved exceptionally useful for this purpose is the
intranuclear cascade evaporation model. This model is continually
being improved as more precise experimental information be-
comes available. At the present time, the model is fairly suc-
cessful in predicting such seemingly unrelated quantities as high-
energy proton spectra and radiochemically measured cross
sections.

The intranuclear cascade model has recently been extended
to deal with reactions induced by 60- to 300-MeV pions. This
particular model has the unique feature that it considers the
participation of the unstable (3,3) isobar in the cascade process.
As yet. the available experimental data are insufficient for an
adequate test of the various assumptions made in the model. The
predictions of this model are now being used to design experi-
ments for this purpose. For example, recoil-range calculations
are now underway that will provide quantitative information for
proposed recoil-range experiments with incident pions. The
model can and will serve also as a prototype for treating other
unstable particles such as T = Y%, isobars, p mesons, ete.

A different model, treating the emission of nucleons from
excited nuclei prior to attainment of statistical equilibrium,
has also been developed. Its predictions for proton and neutron
energy spectra are in good agreement with experimental data
obtained at ORNL. Further refinements of this model are under
way.
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03:32 SOLID STATE TRACK DETECTOR STUDIES OF
HIGH-ENERGY NUCLEAR REACTIONS. Katcoff, S.; Hudis, J.
{(Brookhaven National Laboratory, Chemistry Department.

The primary aim of high-energy nuclear reaction studies is
the understanding of the complicated behavior of nuclei when
they are subjected to hombardment by a variety of projectiles.
Irradiations are performed in primary and secondary beams
at the Brookhaven AGS and at other accelerators such as the
Berkeley Bevatron, NAL, and LAMPF.

Total binary and ternary fission cross sections are hest mea-
sured with solid state track detectors such as mica or Lexan.
Results obtained recently for U, Bi, Au, and Ag irradiated by
29-GeV N are being extended to include irradiations by 3.9-
and 2.1-GeV !N ions. It is planned to do similar experiments
with 200-GeV protons from NAL.
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03:33 STUDIES OF HIGH-ENERGY NUCLEAR REACTIONS
WITH COUNTER TECHNIQUES. Remsberg, I.. P., (Brookhaven
National Laboratory, Chemistry Department}.

The primary objective of this work is the characterization
and elucidation of mechanisms of nuclear reactions induced by
high-energy protons. The current emphasis is on those reac-
tions that yield products with mass numbers between 10 and 50
from heavy element targets irradiated by 28-GeV protons.

Detailed information is obtained by measuring angular and
energy distributions of a wide range of product nuclei, and also
by measuring angular, energy, and mass correlations of coinci-
dent pairs of product nuclei. Pairs of semi-conductor detectors
are employed as telescopes to determine the kinetic energy,
nuclear charge, and mass of individual nuglear fragments re-
coiling out of thin targets through measurements of their specific
energy loss, time-of-flight, and energy.
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03:34 PROTON AND ALPHA-PARTICLE CROSS SECTIONS
FOR EILEMENTS PRESENT IN LUNAR TARGETS. Thompson, S,
(Brookhaven Nationa! Laboratory, Chemistry Department).

Radioactivities produced in material that is on the moon for a
period of a few years (e.g., artifacts left by astronauts, or targets
designed specifically for this purpose) can give information about
solar flares.

For this reason, light- and medium-atomic weight targets {Na,
Al, Si, Ca, Ti, Cr, Zr, etc.) have been irradiated with 33- and
50-MeV protons and with 46-MeV alpha particles, in order to
determine cross sections for formation of the most prominent
radionuclides. This work is being continued, and the cnergy
range of proton irradiations will be extended to 200 MeV, by
use of the new LINAC facility.

03:35 NUCLEAR CHEMISTRY RESEARCH OF HIGII-EN-
ERGY NUCLEAR REACTIONS. Cuaretto, Albert A. Jr. (Car-
negie-Mellon University, Department of Chemistry, 4400 Fifth
Avenue, Pittshurgh, Pennsylvania 15213).

The overall objective of this research is the determination
of the mechanism of various types of nuclear reactions using
radiochemical techniques. Specifically, the kinds of reactions
under investigation include high-energy proton-, alpha-, and
pion-induced reactions. The so-called simple high-energy
reactions, reactions of the type (p,pn), (a,an), and (v+,7tn) will
be examined in considerable detail. These reactions should be
sensitive to and provide a means of examining the details of
the nuclear structure of the target. The probability of these
reactlions should also be sensitive to the nucleon skin thickness
and thus provide a probe of this peripheral nuclear region.
Another area of interest involves the study of heavy-ion-in-
duced transfer reactions. These reactions are also scnsitive to
the nature of the peripheral nuclear region. Reactions of the
type alpha transfer and double nucleon transfer, or charge ex-
change, are under study.

These studies are carried out by the determination of cross
sections, excitation functions, and the product recoil angular
and range distributions. This work has made use of the facil-
ities available at Argonne National Laboratory, the Zero Gradient
Synchrotron, the Space Radiation Effects Laboratory 600-MeV
synchrocyclotron, and the Yale University Heavy lon Linear Ac-
celerator. Future experiments will also make use of the meson
facility at Los Alamos and the accelerator at the National Ac-
celerator Laboratory.
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03:36 NUCLEAR CHEMISTRY RESEARCH. Sugarman,
Nathan; and Turkevich, Anthony. (University of Chicago, Enrico
Fermi Institute, 5630 Ellis Avenue, Chicago, Lllinois 60637).

The Nuclear Chemistry Research Program at The University
of Chicago involves the study of the interaction of high-energy
projectiles with complex nuclei, and the investigation of extra-
terrestrial objects, such as meteorites, by nuclear chemical
techniques. The 12-GeV Argonne ZGS Proton Synchrotron, and
hopefully, the 200-GeV National Accelerator Proton Synchrotron
and the Los Alamos Meson facility will provide the high-energy
projectiles. The irradiated targets will be analyzed radiochem-
ically for the yields, mass and charge distribution, and momentum
transfer characteristics of products in the near-target, fission-
mass, and fragment-mass regions. These data will provide in~
formation on the production mechanisms and the behavior of
nuclear matter in a state of high excitation.

The cosmochemical studies involve use of ultra-low-level
techniques for the determination of the radioactivity induced



NUCLEAR REACTIONS

in meteorites by solar and galactic high-energy particles, and
the interpretation of these data using measured cross sections
and semi-theoretical models of the proliferation of nuclear
particles in a solid body bombarded by high-energy particles.
The laboratory is also cooperating in the determination, by
neutron activation techniques, of trace elements, such as lead and
mercury, in returned lunar samples.
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03:37 THE MECHANISMS OF NUCLEAR REACTIONS.
Miller, J. M.; Logan, D.; Jaffe, G.; and Zebelman; Eyal, Y.
(Columbia University, Department of Chemistry, New York,
New York 10027).

The general objective of this continuing study is to understand
in quantitative detail the factors that determine the course of
nuclear reactions. In the recent past, the investigations have
been primarily directed toward the evaluation of the roles of
isospin and angular-momentum conservation in reactions that
proceed through the formation of a compound nucleus as well as
the range of validity of Bohr's Independence Hypothesis for such
reactions. As a direct outgrowth of these studies, most of which
were carried out with heavy-ion projectiles, we are now mainly
concerned with an investigation of the complementary reactions
with heavy ions that do not proceed through the formation of a
compound nucleus: stripping and pickup reactions. The current
investigation utilizes both solid-state counter-telescope tech-
niques for the determination of the identity, energy, and angular
distributions of the light particles that are emitted as well as
radiochemical techniques for the complementary heavy residual
nuclei. This complementary study is particularly valuable for
the investigation of the behavior of the particles that have been
transferred from the incident to the target nucleus. It is antici-
pated that these studies will occupy us for the new few years.
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03:38 THIN FILM DETECTORS. Muga, M. L. (University
of Florida, Department of Chemistry, 406 Nuclear Science Bldg.,
Gainesville, Florida 32601).

We have applied the recently invented thin film detectors
(TFD) to the study of fission decay phenomena and other heavy
ion reactions. In these studies (described below) particular ad-
vantage is made of the dE/dx response characteristics of the
TFD to the passage of energetic heavy ions. An experiment to
study the emission of light charged particles (accompanying
the fission decay of ?52Cf) at very acute angles (<20°) with respect
to the fission fragment is now in progress. In another experiment,
the TFD response to selected mass (by time-of-flight and by
back-to-back coincident energy measuring techniques) groups of
fission fragments is observed and indicales a very strange patiern
of nuclear charge distribution for low total kinetic energy fission
events. Continuation of calibration studies using accelerated
heavy ions of known mass and energy is planned in order to com-
plete our understanding of the TFD response dependence on charge,
mass, and energy of the transiting heavy ion. Studies of the proton-
induced fission of 232Th and the fission-like break up of medium
mass nuclei when bombarded with heavy ions is planned for the
latter half of this year. Longer range plans would make use of
the more energetic heavy-ion accelerators (if available) for the
calibration of the TFD at higher energies {up to 7.5 MeV/nucleon)
and for heavier mass ions (up to 238U), followed by the application
of TFD methods to the study of heavy ion reactions in this higher
energy-heavier mass region and beyond.
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03:39 STUDIES OF THE MASSES AND DECAY SCHEMES
OF LIGHT NUCLEI FAR FROM THE VALLEY OF BETA-STA-
BILITY. Cerny, Joseph. (Lawrence Berkeley Laboratory:
Nuclear Chemistry Division).

Research in this project is directed toward characterizing the
properties of nuclei that lie on the limits of nuclear stability in
the lighter elements. The masses of these “‘exotic’’ nuclei are
used Lo test theoretical mass formulas that predict nuclear prop-
erties throughout the periodic table, while their decay schemes
are studied to search for new modes of radioactive decay.

Both conventional particles and heavy ions from the 88-inch
cyclotron are used to induce multi-neutron and multi-proton
transfer reactions capable of reaching hitherto uncharacterized
nuclei and measuring their masses. Such reactions as 2C(°He,
5He)®C have been used to study neutron-deficient nuclei and
reactions like 2Mg(®Li,°C)¥F are under investigation to study
neutron-excess nuclei. These experiments utilize electronic
systems capable of determining the identity of the reaction
products and their energies even though only very low yields
are obscrved.

Nuclei far from stability often show interesting new decay
modes — such as heta-delayed proton emission or true proton
radioactivity — and are detected through their unique radiations.
A gas transport or helium jet system is used to sweep the nu-
clear reaction products to a remote area where high resolution,
low background data may be obtained. Studies of the decay schemes
of these nuclei provide a great deal of spectroscopic information
on nuclear energy levels, spins and parities; further, some of these
studies permit fundamental investigations of the beta-decay pro-
cess itself and its interaction with nuclear symmetry principles.

PUBLICATIONS

Mendelson, R., Wozniak, G. J., Bacher, A. D., Loiseaux, J. M.,
and Cerny, J., Mass of 130 and the Isobaric Multiplet Mass
Equation, Phys. Rev. Lett., 25: 533 (1970).

Cerny, J., Esterl, J. E., Gough, R. A., and Sextro, R. G., Con-
firmed Proton Radioactivity of ¥™Co, Phys. Lett., B, 33: 284
(1970).

Hardy, J. C., Esterl, J. E., Sextro, R. G, and Cerny, J., Isospin
Purity and Delayed-Proton Decay: !"Ne and 33Ar, Phys. Rev.,
C, 3: 700 (1971).

Gough, R. A, Sextro, R. G., and Cerny, J., Beta-Delayed Proton
Emission of 23Al, Phys. Rev. Lett., 28: 510 (1972).

03:40 NUCLEAR REACTIONS WITH POLARIZED PROTONS
AND DEUTERONS. Conzett, H. E. (Lawrencc Berkeley lab-
oratory, Nuclear Chemistry Division).

Polarized proton and deuteron beams are used to study the
spin-dependence of the interaction of these particles with nuclei.
Large spin-dependent effecls are generally seen in nuclear
scattering and reactions involving protons and deuterons, so po-
larization experiments are essential for any realistic test of the
theory of these processes. The polarized-ion source has resulted
in polarized cyclotron beams above 15 MeV that surpass, in in-
tensity and energy range, those few in existence at other facilities.
This makes possible many more-detailed investigations of the role
played by the nuclear spin in the nuclear interaction. Our present
work and future plans include: "

(a) Measurements of the vector-analyzing power in d — ‘e
scattering between 15 and 45 MeV. These measurements es-
tablish *He as a standard analyzer for vector-polarized deu-
terons above 15 MeV, where none had previously existed.

(b) Measurements of the vector-analyzing power of various
reactions induced with polarized protons and deuterons. These
result in unambiguous determinations of the spins of states of
the product nuclei and also provide detailed information on
the reaction mechanism itself. .

(¢c) Development of a polarized neutron beam from the He(d,n)
‘He reaction, to be used in i—p scattering to answer the still
outstanding questions of the T = 0 nucleon—nucleon interaction.
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03:41 HEAVY ION NUCLEAR REACTIONS. Harvey, B. G.,
.and Hendrie, D. L. (Lawrence Berkeley Laboratory, Nuclear
Chemistry Division).

Heavy ion beams from the 88-inch cyclotron (12C, 160, ?°Ne) are
energy-analyzed so that the nuclear reactions that they induce in
targets can be studied with high-energy resolution in & magnetic
spectrometer. The spectrometer is equipped with a unique focal
plane detector that unambiguously identifies the heavy ions re-
sulting from the nuclear reactions as to their mass and atomic
numbers.

The purposes of the project are a) to study the mechanism of
heavy ion nuclear reactions and b) to apply these reactions to the
study of nuclear structure. With objective a) in mind, relatively
simple reactions have been studied in which one nucleon (proton
or neutron) is transferred to or from the target nucleus. To in-
vestigate the role of the high angular momentum in heavy ion re-
actions, the interaction of 150-MeV 2Ne ions with 27Al nuclei is
under investigation.

Work on objective b) has hardly begun: it awaits a betier under-
standing of the reaction mechanisms. For example, it has just
been discovered that the proton transfer reactions $Fe(190,15N)
55Co and ¥i'e(12C,1B)5%Co populate the encrgy levels of 3%Co in
very different yields. Comparison of the two reactions can probably
he used to assign spin values to nuclear levels.

Assuming reasonable progress in the understanding of these
simple reactions, more complex transfers of several nucleons
will be studied. It will need much more experimental work to gain
some insight into the role of the high angular momentum.

Since the ability to identify heavier and heavier ions, and to
mecasure their energies with high precision, is of capital impor-
tance, work will continue to be done on the focal plane detector
instrumentation. The counter system that has been developed
may well have valuable applications in other fields (perhaps for
medical radiography).

03:42 HIGH-ENERGY NUCLEAR REACTIONS INVOLVING
THE NUCLEAR SURFACE. Markowitz, S. 8. (Lawrence Berkeley
Laboratory, Nuclear Chemistry Division).

The purpose of this research is to study the mechanisms of
high~energy nuclear reactions, with special attention directed
towards understanding simple reactions that can occur at or near
the nuclear surface. By use of different nuclear projectiles avail-
able at LBL at the 184-inch synchrocyclotron (protons, 3He and
{{e ions} in the encrgy range of hundreds of MeV, and by selecting
carefully the target nuclides, it should he possible to see effects
of the recently postulated neutron-skin and/or alpha-particle clus-
tering at the nuclear surfuce. The procedure experimentally in-
volves bombardment followed by gamma and beta detection with
Ge(Li) and end-window gas proportional counters. Complex gamma
spectra are analyzed with the aid of appropriate computer pro-
grams following multichannel analysis. Work is in progress on
the system of Ge plus high-energy protons.

A proposal to study the mechanism of pion-induced nuclear
reactions (by Ph.D. Candidate, Norman P. Jacob, and Prof. S. S.
Markowitz) has been approved as a formal Research Proposal
at the Los Alamos Meson Physics Facility (LAMPF). The purpose
is to use 7+ and 7~ mesons of various energies ranging about the
free-particle pion—nucleon resonance encrgy to study fundamental
interactions between pions and nucleons within nuclear matter.
Simple reactions of pions with light elements, such as carbon,
fluorine, oxygen, and others, will be measured by determining
the excitation functions for (=, ) reactions. The project will get
under way in the summer of 1973, using the unique high-intensity
and variable-energy meson heams attained at LAMPF, and will
compiement research done at Berkeley.

03:43 NUCLEAR REACTIONS INDUCED BY HEAVY IONS.
AT THE SuperHILAC: GENERAL RADIOCHEMICAL STUDIES.
Markowitz, $. §. (Lawrence Berkeley Laboratory, Nuclear
Chemistry Division.

Nuclear reactions induced by the heavy-ion beams at the Super-
HILAC are complex and varied in nature when heavy target ele-
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ments like thorium or uranium are involved. Many groups will
be studying these reactions with a variety of physical or radio-
chemical methods. In the series of experiments contemplated
here targets will be bombarded at the SuperHILAC and analyzed
by radiochemical separation and measurement technigues with
the purpose of identification and measurement of the yield of
radioactive products with half-lives of a few minutes or longer.
From the pattern of products it is believed that much can be
learned about the nature of nuclear reactions induced by heavy
ions including such general reaction types as compound-nucleus
formation, cluster—1iransfer, spallation, and fission.

03:44 AVERAGE NUCLEAR PROPERTIES. Myers, William D.
(Lawrence Berkeley Laboratory, Nuclear Chemistry Division).

A continuing program is underway for the calculation of macro-
scopic attributes of nuclei such as total binding and deformation
energies, density distributions, and properties of nuclear collective
dynamics. The approach employed places special emphasis on the
fact that many nuclear characteristics can be described in terms
of an expansion in powers of A”% (where A is the nuclear mass
number). This fcature of nuclei, which has its origin in the satura-
tion of nuclear forces, has allowed us to formulate a simple alge-
braic description of nuclei.

The name droplet model has been chosen for this description
since it is a natural extension ol the well-known liquid drop model.
The scope of this approach is evident when one considers that the
data base relevant for the comparison of these model calculations
with experiment includes nuclear ground state masses and defor-
mation energies, fission barriers and half-lives, nuclear radii,
isotope shifts, and single particle potential well parameters. In
addition when suitable shell effects were included, the method led
to the prediction of super-heavy elements and fission isomers.

The formulation of this approach and its generalization to other
features of nuclei depends heavily upon concurrent studies em-
ploying the Thomas—Fermi statistical model. The Thomas—Fermi
calculations that were performed in support of the current version
of the droplet model are being extended to include highly excited
nuclei and nuclei in a surrounding neutron gas. These studies,
which are of value in themselves, will help us to formulate a tem-
perature-dependent droplet model and a droplet model applicable
to the study of crustal properties of neutron stars.

The past emphasis on static propertics is being replaced by
an increased concern with dynamical properties such as nuclear
viscosity and moments of inertia. The goal is to provide a unified
description of the essential features of nuclei important in the
various frontier fields of nuclear physics: In heavy-ion physics,

a description of interaction potentials, collective dynamics, and
amalgamation probabilities; in intermediate energy physics, a
description of nuclear density distributions which includes pre-
dictions of a neutron skin; and in nuclear astrophysics predic-
tions of binding energics for use in r-process calculations and
calculations of stellar dynamics as well as predictions of the
nature of neutron stars.
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International Summer School, University of Toronto Press, 1972.

03:45 NUCLEAR FRAGMENTATION INDUCED BY HIGH-
ENERGY PROJECTILES AT THE BEVATRON. Poskanzer,

A. M., and Hyde, E. K. (Lawrence Berkeley Laboratory, Nuclear
Chemistry Division).

The aims of the work are to study the mechanism of the pro-
duction of nuclcar fragments by high-energy projectiles and to
produce new exotic light nuclei. Targets are placed in the ex-
ternal beam of the Bevatron and the emitted nuclear fragments
are detected and identified using thin semiconductor counters
that measure their total energy, rate-of-energy loss, and time-
of-flight.

Studies have been completed on the energy spectra and angular
distributions of helium through argon fragments from uranium
and silver targets. Extension of the work to lighter target nuclei
like aluminum is in progress. Extensions to heavier projectiles
are planned when the Bevalac project, which links the Super-
HILAC to the Bevatron, is completed. This would allow the use
of projectiles as heavy as neon. A beginning is being made with
the use of the high-energy alpha particle beam which is now
available at the Bevatron in sufficient intensity.

Previous searches for cxotic new isotopes have produced
14, ¥3, 158, and ''C. Scarches for other nuclei, at the limits
of particle stability, are in progress.
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Production in the Interaction of 5.5-GeV Protons with Ura-
nium, Phys. Rev., C, 3: 882 (1971).

Hyde, E. K., Butler, G. W., and Poskanzer, A. M., Characteristics
of Fragments Produced in the Interaction of 5.5-GeV Protons
with Silver, Phys. Rev., C, 4: 1759 (1971).

Butler, G. W., Poskanzer, A. M., and Landis, D. A, Identification
of Nuclear Fragments by a Combined Time-of-Flight, AE~E
Technique, Nucl. Instrum. Methods, 89: 189 (1970).

03:46 ETFECTS OF ANGULAR MOMENTUM IN HEAVY-
[ON REACTIONS. Stephens, Frank S., and Diamond, Richard M.
(Lawrence Berkeley Laboratory, Nuclear Chemistry Division).

The use of heavy ions can bring large amounts of angular mo-
mentum into the colliding system, but so much angular momen-
tum may be involved that a new fcature can occur, namely, failur
of the compound nucleus to form because the centrifugal force is
too great. LEven with impact parameters corresponding to some-
what smaller amounts of angular momentum that could be re-
tained by a compound nucleus at equilibrium, non-compound
nucleus products may be formed because the colliding nuclei do
not hold together long enough to reach equilibrium; there are
local accumulations of energy (hot spots) on the nuclei where
they come into contact that evaporate particles or spall off frag-
menis in the collision. These ideas werc suggested as long as
10 years ago, but in recent years refinements in techniques have
made it possible to test them more directly.

We have carried out a study of the gamma rays emitted in-
beam and out-of-beam from a target of 2'Al irradiated by **Ne
of various energies. From the Doppler shifts ohserved with some
of the lines and from a study of the gamma yields as a function
of projectile energy and of target thickness, we have been able
to distinguish those transitions coming from compound nucleus
products and those from direct reactions. We plan to continue
these studies using other target—projectile pairs in order to try
to unravel what fraction of the cross section goes to compound
nucleus evaporation products, to fission products, to quasi-clastic
(transfer) reactions, and to the non-equilibrium escape rcactions.

®

03:47 GENERAL FISSION RESEARCH. Thompson, 8. G,
and Moretto, L. G. (Lawrence Berkeley Laboratory, Nuclear
Chemistry Division).

The study of fission phenomena covering a wide range of tar-
gels, projectiles, and other conditions is planned. Some specific
examples are the following: 1) measurements of fission barriers
for some medium-weight elements. Such data provide an important
basis for checking and improving recent most reliable mass for-
mulas; 2) the energy dependence of the fission probabilities up to
high energies for a wide range of target projectile combinations;
3) contributions of high-order fission to the total fission proba-
bilities; 4} study of total compound nucleus cross sections at
moderate and high energies are an important basis for items 1,
2, and 3 above; 5) influence of angular momentum on fission
probabilities — involved aiso in heavy ion reaction studies; 6)
fission fragment angular distributions (from aligned nuclei) pro-
vides information about transition states involved when nuclei
undergo fission and may also give information about the pairing
gap at the saddle peint; and 7) studies of nuclear viscosities and
inertias as available from fission phenomena (also involved in
heavy-ion reaction studies).
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Lett., B, 38: 471 (1972).

03:48 STUDIES IN HEAVY-ION REACTIONS. Tsang, Chin
Fu. (Lawrence Berkeley Laboratory, Nuclear Chemistry Divi-
siony).

With the completion of the Super-Heavy-Ion-Linear-Accelerator
at Berkeley (and other heavy ion accelerators in Europe) a whole
new field is opened in the study of the process of heavy-ion reac-
tions. Thus Hepending on the impact parameter in the collision of
heavy ions with a target nucleus, several phenomena may occur:
(1) many-nucleon-transfer reactions; (2) reactions in which the
projectile and the target nuclei fuse together, but fission im-
mediately without equilibrium being attained for the fused sys-
tem; (3) reactions in which the compound nucleus is formed, but is
unstable toward figssion; and (4) compound nucleus formation. It is
the aim of this project to understand the general dynamic features
of these phenomena. Such an understanding is crucial in attempts
to produce super-heavy nuclei by heavy-ion reactions. Many
physical effects will have to be carefully considered, including
rotational effects, fusion—fission (‘‘vibrational’’) inertia, com-
petition between neutron emission and fission at high excitation
energies, and viscosity of the nuclear matter flow leading to the
formation of a ground state compound nucleus. The problem is'
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being attacked in iwo directions. First, simple models are con-
structed and experimental data are analyzed to extract the physics
of the processes. Correlations will be made and predictions by
extrapolations may then be possible. Second, more fundamental
microscopic calculations are done on the various physical effects
and then incorporated in the understanding of these reactions.
Thus, for example, we have made a microscopic calculation of
the rotational moment of inertia, and a calculation on the vibra-
tional incrtia by means of the Hill—Wheeler generator-coordinate
method is being considered. It is hoped that this project will be
able to throw light on what actually is happening in heavy-ion
reactions, and to suggest the optimum conditions whereby super-
heavy nuclei may be produced.

03:49 NUCIL.EAR REACTION AND FISSION STUDIES.
Gordon, G. E., Viola, V. E. Jr., and Walters, W, B. (University
of Maryland, Department of Chemistry, College Park, Md. 20742).

The investigation of nuclear reactions induced by intermediatz-
energy projectiles is being investigated with two objectives in
mind: (1) to understand nuclear reaction mechanisms, especially
fission, in heavy element targets, and (2) to apply the results to
understanding the nrvigin of nature’s elements. In order to test
theoretical models of nuclear fission ai moderately high excita-
tion energics, we are studying reactions induced in actinide ele~
ment targets with 60- 10 160-MeV *He ions. Thesc studies include
(1) total reaction cross section and elastic scattering mecasure-
ments, from which nuclear reaction parameters are derived; (2)
fission fragment aungular correlation measurements, which permit
the separation of compound nucleus from direct processes; and
(3) fragment angular disiribution measurements that provide in-
formation about the nuclear shape at fission. A related problem
involves determination of the probability of producing highly
neutron-deficient nuclides by means of (‘lle,xn) and (*He,xn)
reactions, where x is of the order of 10 to 15. We are attempt-
ing to use a new on-line counting technique which will permit
half-life mcasurements in the microsecond range.

We are also attempting two kinds of fission studies with the
use of Ge(Li) deteclors to identify and measure intensities of
v rays from specific fission product nuclides: (1) by observing
fission products collected on foils placed at various angles to the
beam, we will measure angular distributions of specific products
from fission induced by charged particles from the cyclotron; and
(2) by observing fission products collected in foils placed against
a 252Cf source, we will measure ranges for various mass chains to
search for fine structure of kinetic energy release previously sug-
gested in the vicinity of double-closed-shell products of mass
A~ 132,

In addition, we are determining the probability of producing Li,
Be, and B isotopes in proton bombardments of light target nu-
clides. These studies are designed to test various theories for
the production of these elements in nature.
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03:50 FISSION. Ferguson, R. L. (Pleasonton, F., Plasil, F.,
Schmitt, H. W., Physics Division). (Oak Ridge National Lab-
oratory, Chemistry Division). .

Studies of fission provide insight into the properties of nuclei
at extreme distortions and thus are very useful in testing the
limits of theory. Experimental determinations of such features
as the prompt neutron and gamma ray deexcitation of fission
fragments and the total kinetic energy released in fission of very
heavy nuclei afford powerful means of probing new theoretical
ideas.

We have recently measured the average number and energy
of gamma rays emitted within 5 nsec after fission, as a function
of fragment mass, for several cases of low-excitation fission and
find very interesting features that seem to be associated with the
deformability of the fragments. We are measuring prompt neutron
emission in the fission of ?*¥Bi bombarded by alpha particles of
40 to 50-MeV. By varying the bombarding energy we hope to test
predictions of the liquid-drop theory in a mass region where it
has been shown to be reasonably applicable. We plan to measure
the average total kinetic energy of fragments from the fission of
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2Cm bombarded by '2C. This will allow us to test the prediction
of the “‘two-center model’” of fission, that {ission of compound
nuclei somewhat heavier than uranium leads to quite high kinetic
encrgies but that the Kinetic energy released in fission of super-
heavy elements would again be Jowcer.
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03:51 NEUTRON CROSS SECTIONS AND OTHER NUCLEAR
PROPERTIES. Halperin, J., Stoughton, R. W. (Oak Ridge Na-
" tional Laboratory, Chemistry Division).

1t is the purposc of this program to supply information on
neutron reaction rates of importance to an atomic energy program.
These rates are of importance in fission reactors and in fusion
devices, so that the energies covered range from thermal to
thermonuclear. Although heavy element and fission product nu-
clides are of special concern, almost any nuclide is of potential
interest as a fuel, moderator, coolant, control element, structural
material, flux monitor, or any reactant or product within a re-
actor environment. The measurements include thermal neutron
cross sections, resonance integrals, fission spectrum neutron
cross sections, and cross sections for (d,t) neutrons. Mcusure-
ments will also be made of fission product yields, half-lives, T
(neutrons/fission) for spontancously fissionable nuclides, and
decay schemes where pertinent.

Activation cross section measurements are carried out largely
by radiochemical or mass spectroscopic techniques, which re-
quire very much smaller samples (micrograms to picograms) than
are required by other methods of measurement and yet vield in-
tegral data of comparable accuracy. They thus complement the
absorption method which provides differential cross sections us
a function of energy but requires much larger samples. In cascs
of rare or highly radioactive materials, the advantages of work-
ing with minute samples can be a decisive factor in the choice of
method.
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03:52 NUCLEAR REACTIONS. Thomas, T. Darrah. (Oregon
State University, Department of Chemistry and Radiation Center,.
Cervallis, OR 97331).

The main objective of this program is the understanding of
low- and medium-energy nuclear reactions and fission. Recent
work has been primarily concerned with the initial encounter
between two complex nuclei and with the emission of long-range
alpha particles in fission.

In the first of these areas, we have considered the question of
whether two highly charged nuclei will distort one another during
the time of their interaction. The answer is important to the de-
sign of experiments for super-heavy element production. Future
work will involve experiments at the SuperHILAC at Berkeley and
at the University of Washington to measure elastic scattering and
nuclear reaction cross sections.

We also have done theoretical calculations on the formation of
so-called quasi-molecular states in the interaction of two carbon
nuclei at subbarrier energies. We find little theoretical reason
to believe that quasi-molecules are formed and conclude that the
resonances that have been attributed to quasi-molecules arise
from modified shape-elastic scattering.

Our fission research has been aimed at using the angular and
energy distributions of the long-range alpha particles to deter-
mine the parameters that describe the nucleus at scission. These
results provide tests of various theories of fission.

NUCLEAR REACTIONS

PUBLICATIONS

Rajagopalan, M., and Thomas, T. D., Angular Distribution of
Alpha Particles Emitted in the Fission of 2%2Cr, Phys. Rev.,
C, 5: 2064~2071 (1972).

— oy and Thomas, T. D., Emission of Alpha Particles in the
Fission of ¥8U by 16- and 42-McV Protons, Phys. Rev., C, 5:
1402-1409 (1972).

Mosel, U., Thomas, T. D., and Riesenfeldt, P., lon—Ion Potentials
in a Two-Center Model, Phys. Lett., B, 33: 563-7(1970).

Ricsenfeldt, Peter W., and Thomas, T. Darrah, influence of
Nuclear Forces on the Coulomb Barrier in Heavy-lon Reac-
tions, Phys. Rev., C, 2: 2448-2449 (1970).

Riesenfeldt, Peter W., and Thomas, T. Darrah, Effect of Nu-
clear Deformability on Reaction Cross Sections, Phys. Rev.,
C, 2: 711-720 (1970).

03:53 CHARGES OF IONS PRODUCED AS NUCLEAR REAC-
TION RECOILS. Wolke, Robert L. (University of Pittshurgh,
Wherrett Lahoratory of Nuclear Chemistry, Department of
Chemistry, Pittsburgh, Pennsylvania 15213).

The primary objective of this project is to determine the ef-
fects of nuclear reactions on the extranuclear electrons of the
atoms involved. The method being used is to measure the degree
of jonization of the recoiling nuclear reaction products, utilizing
a spectrograph attached {o the reaction chamber. Currently, some
deuteron-induced reactions arc being used to produce boron and
carbon ions recoiling from extremely thin targets. In this way the
primary distribution of ionic charges is being sought as it arises
from the sudden interactions involved in the reaction itself, rela-
tively unmodified by subsequent interactions with a medium. The
work is progressing through a serics of different types of nuclear
reactions designed to emphasize different possible ionization-
producing mechanisms: coulomb shakeoff, recoil shakeoff, and a
kind of non-adiabatic coulomb disruption of the electron cloud by
the incident and emitted particles.
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03:54 THERMODYNAMIC STUDIES ON HEAVY ELEMENTS
AND STUDIES IN NUCLEAR CHEMISTRY. Cobble, James W,
(Purdue University, Department of Chemistry, Lafayette, Indiana
47907).

When ordinary binary fission is induced in elements of atomic
number higher than gold using medium excitation encrgies (20 to
80 MeV), it was discovered in this laboratory that ternary fission
was also produced. It is the purpose of this research project to
study experimentally this unusual process and to elucidate the
mechanism of ternary fission. Ternary fission products observed
by radiochemical means to date range in mass and charge from
2Na to #%Ca. The very low formation cross sections vary sharply
with energy, and with the charge and mass of the compound
nucleus. By low-level radiochemical procedures the lower limits
of detection have heen extended to fractions of nano-barns. In the
heavy elements, the ternary fission cross sections are ohserved
to increase into the microbarn range. If this trend continues, the
compound nuelei that can be reached by very heavy ions on uranium
may undergo ternary fission as a major decay process.

The present experimental program consists of bombarding
rarious target elements from gold to uranium with *He, 12C, and

ONe ions. A fraction of the ternary products recoil out of the
arget and are trapped on collecting foils, and then radiochem-
.cally separated and counted. The bombardments are being
carried out at various angles with respect to the beam in an at-
tempt to look at angular correlations and fission anisotropy as
well as to discriminate against spallation impurities.

In future research it may be possible to study the ternary
process hy instrumental on-line methods if the cross section
increases as expected into the ‘‘super-heavy’’ element range.
The ternary process is also a valuable probe for true com-
pound nucleus formation when heavier and heavier ions are
used as bombarding projectiles. In such bombardments, the
differences between ordinary binary fission and spallation
processes become diffuse.
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03:55 DEEXCITATION PROCESSES IN NUCLEAR REAC-
TIONS. Porile, Norbert T. (Purdue University, Department of
Chemistry, Lafayetie, Indiana 47907).

The objective of this research program is the achievement of
a detailed characterization of the mechanisms of various high-
and medium-energy nuclear reactions.

Several investigations concerning the formation of neutron-
deficient products in the interaction of uranjum with 12-GeV
protons are in progress. These include a measurcment of the
charge dispersion and recoil properties at A =131, a study of
the isotopic yields and recoil properties of xenon nuclides, and
an investigation of the energy dependence of recoil properties
of neutron-deficient isobars with A = 131 between 1 and 29 GeV.

Preparatory studies for the investigation of nuclear reac-
tions induced by previously unavailable projectiles or at herc-
tofore unaccessible energies are in progress. The interaction
of silver with 200-GeV protons from the NAL synchrotron will
he studied and comparative measurements are currently being
gerformed at 12 GeV. An experiment to study the formation of

4Na from various targets irradiated by 100- to 400-MeV pions
from LAMPF is in preparation.

Various projects designed to provide a detailed understanding
of compound auclear reactions induced by 10- to 20-MeV pro-
tons and « particles in medium A targets are in progress. A
study of the density of highly excited levels of $Cu and %Cu
populated in (a,p), {p,a), (o,a’), and (p,p’) reactions is currently
being performed. Studies of the independence hypothesis and of
the effects on its validity due to iso-spin conservation and pre-
compound emission are being performed by means of differential
cross section measurements. The compound nuclei of interest
in this work are 5Fe, #4Zn, and ®2Zn.
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03:56 NUCLEAR STRUCTURE STUDIES. Preiss, lvor L.
(Rensselaer Polytechnic Institute, Department of Chemistry,
Troy, New York 12181).

The objectives of the research are to determine the effects of
nuclear structure on nuclear reactions, and to elucidate details
of structure as it relates to nuclear deformation.

We have found that the photonuclear reactions of 5'V between
40 and 100 MeV exhibit a character that cannot be explained by
the classical dipole absorption excitation process or a statistical
deexcitation. 1t is hoped that studies of other target and product
nuclei can be undertaken to determine whether the target and
residual nuclear structure influence photonuclear processes.

Isomerism has been found in 8%Se, "Se, "Se, and Pm. The
isomerism in selenium argues for a deformed nuclear core,
while that of 1%Pm indicates a deformation 30% larger than
anticipated. Decay scheme studies are being continued, in both
mass regions to determine the magnitude of deformation for Se,
and to ascertain whether 1%Pm is an isolated case or whether
isomerism is a characteristic of the mass region. The possi-
bility of isomerism due to a change in nuclear shape presents
itself. We have begun studies of various nuclear reactions to
determine whether a specific reaction mechanism may favor a
specific shape in the residual nucleus.

The reaction and decay studies are carried out at Yale, NBS,
and SUNY -Albany accelerator laboratories, as well as at RPI.

PUBLICATIONS

Dewanjee, M. K., and Preiss, 1. L., Decay of Samarium Isotopes:
Mg, 14mgyy 142%5m and 430D Sm, J Inorg. Nuct. Chem.,
34: 1105 (1972).

13

Collé, R. P., and Preiss, I. L., An Isopropanol Solid CO, Cooled
Accelerator Target Assembly, J. Phys., E (London), 4: 977
(1971).

LaBrecque, J. J., and Preiss, I. L., Decay of 1%Pm, J. Inorg.
Nucl. Chem., 35: (1972).

03:57 NEUTRON AND GAMMA EMISSION FROM HIGHLY
EXCITED STATES AND STATES WITH HIGH SPIN. Sperber,
Daniel. (Rensselaer Polytechnic Institute, Department of Physics,
Troy, New York 12181).

The purpose of the current research is the application of the
statistical model to the study of nuclear reactions in the region
of highly overlapping levels. Of immediate interest is the study
of (a) (e,xn) reactions for deformed nuclei, (b) heavy-ion-induced
reactions and reactions in which the compound nucleus is far off
the beta stability line, (c¢) reaction in which fission competes with
particle and gamma emission, (d) the statistical study of reac-
tions that yield information about the double-humped barrier and
the inertial parameters as a function of deformation, and {e) the
study of possible heavy-ion-induced reaction for the synthesis of
super-heavy elements. As can be seen all problems concern
themselves with the highly excited and states with high spin in
heavy nuclei for which the statistical model is most appropriate.
The main philosophy in the present program is to formulate the
theory from first principles as far as possible and to reduce
the number of adjustable parameters to a minimum. Most ob-
servable quantitics depend on the population of states in all in-
termediate and final nuclei as a function of time, energy, and
spin. Coupled integro-differential equations for the population
of states are derived and solved. From the calculated population
of states the observable quantities are evaluated.

PUBLICATIONS

Liggett, G., Sperber, D., Angular Distribution of Particles Evap-
orated in Nuclear Reactions, Phys. Rev., C, 3: 167 (1971).

, and Sperber, D., Isomer Ratio for (b, xn, py; ¥) Reactions,
Phys. Rev., C, 3: 447 (1971).

Sperber, Daniel, The Compound Nucleus and Its Decay in Pro-
ceedings of the Fourth International— Polish Summer Institute
on Nuclear Physics, Vol. I, pp. 102-200, University of Warsaw
(1972).

03:58 NUCLEAR REACTION MECHANISMS: MECHANISMS
OF HEAVY-ION REACTIONS. Blann, M.
Department of Chemistry, Rochester, N. Y. 14627).

The qucstion of describing the mechanisms of reactions between
large aggregates of nuclear matter, and in particular the condi-
tions under which they undergo nuclear fusion, is very much an
open question. Our program is aimed at providing models for
this process. We are proceeding along two routes. The first of
thesc involves making highly precise experimential measurements
of the cross sections for various reaction channels in heavy-ion
reactions. We plan to pursue this program further at LBL Super-
HILAC. The sccond aspect involves searches and/or development
of models that will give a basis for understanding the experimental
results. A gyrostatic model is presently under investigation, and
calculations with this model will be used to suggest more definitive
experiments.

PUBLICATIONS

Winn, W. G., Gutbrod, H. H., and Blann, M., Predicted Limits for
the Production of Nuclides Far from Stability, Nucl. Phys., A,
188: 423 (1972).

Doron, T. A., and Blann, M., Decay Scheme Studies of Short Lived
Isotopes of 69 = A = 88 Produced by Heavy Ion Bombardment,
Nuel. Phys., A, 161: 12 (1971).

03:59 NUCLEAR REACTION MECHANISMS: NUCLEAR
EQUILIBRATION MODELS. Blann, M. (University of Rochester,
Department of Chemistry, Rochester, N. Y. 14627).

The question of the equilibration process in nuclear reactions,
what happens between the initial interaction of target and pro-
jectile and the achievement of equilibrium, is both an open and
an important problem. Our main thrust has been in the develop-
ing and testing of classical models that will permit prediction
of these phenomena. Such models will be very useful in treating
many other areas of nuclear reaction models; and indeed other
applications have already been made. We are currently pursuing
two paths in the development of these models. One is to evaluate
the intranuclear transition rate for nucleon—nucleon interactions
as a function of nuclear density and Fermi energy. The second is
to develop a model based on a Thomas—Fermi approach whereby
reactions induced by complex particles might be treated within a
preequilibrium model formalism.

(University of Rochester

’
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PUBLIC ATIONS

Blann, M., Importance of the Nuclear Density Distribution on
Preequilibrium Decay, Phys. Rev. Lett., 28: 757 (1972}.

, and Mignerey, A., Preequilibrium Decay at Moderate

Excitations and the Hybrid Model, Nucl. Phys., A, 186: 245

(1972).

, Hybrid Model for Preequilibrium Decay in Nuclear Re-
actions, Phys. Rev. Lett. 27: 337, 700(E), and 1550(E) (1971).

Cline, C. K., and Blann, M., The Preequilibrium Statistical
Model: Description of the Nuclear Equilibration Process and

Parameterization of the Model, Nucl. Phys., A, 172: 225 (1971).

woe=-, and Lanzafame, F. M., Preequilibrium Statistical Model:
Analyses of Excitation Functions, Nucl. Phys., A, 142: 559
(1970).

03:60 STUDIES OF NUCLEAR FISSION, LOW-ENERGY
NUCLEAR REACTIONS AND TRANSURANIC NUCLEI. Huizenga,
John R. (University of Rochester, Depariments of Chemistry
‘and Physics, Rochester, New York 14627).

The work in progress and proposed for this next year includes
studies of nucleon-transfer reactions {emphasizing the deformed
lanthanide and actinide nuclei), nuclear fission, experimental
and theoretical nuclear level densities, nuclear reaction mecha-
nisms, and the effects of chemical environment and high pressure
on electron capture. The nucleon-transfer reactions give infor-
mation on the energies, spins, and parities of deformed nuclei
that are used to test various theoretical models of these nuclei.
The nuciear fission experiments are performed with heavy ions
to gain insights into questions of angular momentum, reaction
mechanism, and potential energy surfaces of highly deformed
nuclei. The question of nuclear level density is fundamental in
our understanding of nuclear statistical processes, and it is
especially important to study the effect of nuclear shell struc-
ture on level density. Information on the change in electron den-
sity al the "Be nucleus with pressurc is being investigated by
observing the change in electron-capture half-life.

PUBLICATIONS

Lu, C. C., Huizenga, J. R., Stephan, C. J,, and Gorski, A, J.,
Effects of Isospin on Statistical Nuclear Decay, Nucl. Phys.,
A, 164: 225 (1971).

Yuen, G., Rizzo, G. T., Bchkami, A. N., and Huizenga, J. R.,
Fragment Angular Distributions of Neutron-Induced Fission
of %Th, Nucl. Phys., A, 171: 614 (1971).

Vaz, L. C., Lu, C. C., and Huizenga, J. R., Isospin and the Bohr
Independence Hypothesis, Phys. Rev., C, 5: 463 (1972).

Huizenga, J. R., Experimental and Theoretical Nuclear Level
Densities, in Statistical Properties of Nuclei, J. B. Garg (Ed.),
p. 425, Plenum Publishing Corporation, 1972.

Williams, F. C. Jr., Chan, G., and Huizenga, J. R., The Sig-
nificance of Shell Corrections in the Parameterization of
Numerical State Density Calculations, Nucl. Phys., A, 187:
545 (1972).

03:61 ANGUL. AR MOMENTUM EFFECTS IN NUCLEAR RE-
ACTIONS. Natowitz, Joseph B., {Texas A&M University, De-
pariment of Chemistry, College Station, Texas 77843).

Reactions induced by high-energy (~5- to 30-MeV/amu) heavy
ions are being utilized to study the role of angular momentum
on the production and deexcitation of highly excited nuclei. Two
basic experimental techniques, the use of dielectric track de-
tectors and the use of semiconductor detector telescopes, are
employed to observe the various charged species (including re-
coiling product nuclei) that are produced during the reactions.
Emphasis is on the investigation of upper limits to the nuclear
angular momentum and on the effect of high angular momentum
on the statistical deexcitation process. The study includes an
exploration of rarc modes of deexcitation such as heavy frag-
ment emission and sub~barrier «a particle emission which are
expected to be enhanced at high angular momentum. Future
emphasis will shift to the competition between various possible
reaction mechanisms for reactions with high-energy heavy ions
and the use of heavy-ion transfer reactions to obtain structural
information.

PUBLICATIONS

Natowitz, J. B., and Chulick, E. T., Limits to the Formation of
Compound Nuclei in Heavy-Ion Induced Reactions, in Proceedin,
of the European Conference on Nuclear Physics, Aix-en-Pro-
vence, France, June 1972, p. 52,

Natowitz, J. B., Compleie Fusion Cross Sections for the Reac-
tions of Heavy lons with Cu, Ag, Au, and Bi, Phys. Rev., C, L:
623 (1970).

Lewis, C. W., Natowilz, J. B., and Watson, R. L., A Precise
Test of the Z% Dependence of X-Ray Emission Induced by

NUCLEAR REACTIONS

Alpha Particles and Deuterons, Phys. Rev. Lett., 26: 481
(1971).

Natowitz, J. B., and Chulick, E. T., Angular Distributions of
Fission Fragments in the First Chance Fission of 1*Hg,
Nucl. Phys., A, 172: 185 (1971).

03:62 MECHANISMS OF LOW-ENERGY NUCLEAR REAC-
TIONS. Sarantites, Demetrios G. (Washington University,
Department of Chemistry, St. Louis, Missouri 63130).

The long-term goal of these research efforts is 1o advance
our detailed understanding of the mechanism of nuclear reac-
tions below ~100 MeV. Current efforts concentrate on ex~
periments designed to provide quantitative information about
the parameters that describe the emission of prompt 7y rays
from nucleon unbound states, which in turn plays an important
role in determining the relative cross sections of reactions such
as {(a,py) and a,2py) or (a,ny) and (¢,2ny). Some of these param-
eters include the mean life-times, the multipole character and
the multiplicity of the ¥ rays in the de-exciting cascades. Ex-
periments for this purpose employ sophisticated multiparameter
pY, 1y, py{0), or ny(8) coincidence experiments with annular
Si(Li) detectors or (E + AE) x AE detector telescopes, large
scintillator neutron detectors and ultra high-resolution Ge(Li)

v ray detectors, including angular correlation and Doppler shift
attenuation measurements. Detailed measurements of the cross
sections for the production of as many as 28 individual levels

in each reaction product are also being obtained in reactions in-
duced by 12- to 30-MeV *He*™ on 3Ni, #Fe, and ®Ni, by 7- lo 14-
MeV protons on %Ni and $INi, and by 25- to 40-MeV 2C** on 5Cr
and ®Ti. These cross section measurements as a function of
excitation energy of the v cascade are used (1) to extract infor-
mation aboul the energy and angular momentum dependence of
the density of nuclear levels, (b) Lo correlate the yields with
level spins, (c) to determine the line of states with lowest angu-
lar momentum (*‘yrast’ line) and the region of the EJ diagram
where y emission dominatcs againgt neutron and proton emission
for each reaction product, and (d) to determine the extent of
direct reaction contribution present in some of the rcactions in
question.
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Hoffman, E. J., Sarantites, D. G., and Lu, N.-H., Structure of $Cu
via %Ni(*He,py) High-Resolution Prompt Gamma-Ray Spectrom-
etry, Nucl. Phys., A, 137: 146-176 (1971).

Hoftman, E. J., and Sarantites, D. G., De-Excitation of the $'Cu
Compound Nucleus via Photon Emission from Proton and Neu-
tron Unbound States, Nucl. Phys., A, 173: 177-206 (1971).

Sarantiles, D. G., and Hoffman, E. J., On the Role of Gamma-

Ray Emission from Nucleon Unbound States in the Mechanism
of Compound Nuclear Reactions, Nucl. Phys., A, 180: 177-207
(1972).

03:63 RADIOCHEMICAL STUDIES OF NUCLEAR FISSION.
Wahl, Arthur C. (Washington University, Department of Chem-
istry, St. Louis, Mo. 63130).

The objectives of this investigation are to learn about the
charge and mass distributions of products of low-energy fission
processes and to use this information to help understund the
mechanism of nuclear fission. Current studics are concerned
with effects of nuclear shells, espcecially the 50-proton shell,
on charge and mass distributions. Present evidence indicates
that heavy fragments from the very probably asymmetric modes
of fission have 50 or more protons, an indication that suggests
that enhanced nuclear stability, and/or possibly other properties,
associated with shell closure in nascent fission fragments is an
important cause for the high probability of asymmetric charge
and mass distributions. Further evidence concerning the im-
portance of shell closure is being sought by measuring the cumu-
lative yields of In fission products and the independent yields of
the complementary (for U {ission) Tc fission products. For
possible use in the discovery and study of some of the very
short-lived (half-lives =1 sec) indium {ission products of in-
terest, a rotating beta-recoil device has been built and will be
tested with Cs — Ba decay pairs with known half-lives and
yields.

PUBLICATIONS

Lin, Chien-Chang, and Wahl, Arthur C., Cumulative Yiclds of
40.1-Min 1238n, 9.6-Min 125%n, and 1*8n from Thermal-Ncutron-
Induced Fission of 235U, Inorg. Nucl. Chem., 34: 1479 (1972).

Erdal, B. R., and Wahl, A. C., Modes of Formation of Tin Figsion
Produets, J. Inorg. Nucl. Chem., 33: 2763 (1971).

03:64 FISSION STUNDIES ON ELEMENTS BELOW POLO-
NIUM. Neuzil, E. F. (Western Washington State College, De-
partment of Chemistiry, Bellingham, Washington 98225).
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The main objective of this research program is to deter-
mine the characteristics of the charged-particle-induced fission
of elements lighter than polonium. Of concern arc the proba-
bility for fission, the type of distribution of {ission fragments,
the change in fission probability with the change in bombarding
particle energy, and the effect of different bombarding particles
creating the same fissioning species. Current investigation
with elenents and enriched isotopes of these elements [rom Re
to Tl indicated that the probability for fission decreases quite
rapidly as the atomic number decrcases for fission induced by
the same particle at a constant energy. The probability for fission
drops exponentially for a given isotope as the energy of the bom-
barding particle drops. The distribution of fission fragments is
gaussian with a width at half-maximum of only two or three mass
units wide for Re isotopes at a bombarding energy of 41-MeV
helium ions, to about 16 mass units wide for Tl isotopes at the
same bombarding energy. No consistent trend has been observed
for the fission caused by different particles creating the same
fissioning species with the same energy content.

PUBIL.IC ATIONS

Neuzil, E. F., and Hensley, W., Helium lon-Induced Fission of
204pp at 65, 41, 37 and 25 MeV, J. Inorg. Nucl. Chem., 32: 1761,
(1970).

ALSO SEE Nuclear Spectroscopy: 03:9, 03:11, 03:15, 03:16,
03:23, 03:26,; Heavy Element Chemistry: 03:68, 03:70, 03:72,
03:74, 03:77, 03:81, 03:84, 03:89, 03:90, 03:95, 03:97, 03:99, lot
Atom Chemistry: 03:199; Analytical Chemistyry: 03:397; and
Miscellaneous Chemical Studies: 03:448, 03:464, 03:465.

HEAVY ELEMENT CHEMISTRY

Studies of the nuclear structure and reactions and all aspects of
the chemistry of the actinide elements.

03:65 SPECTROSCOPY OF THE ACTINIDE ELEMENTS,
Carnall, W. T.; Cohen, D.; Fields, P. R.; Fried, 8.; Morrison, J;
Patterson, J. H.; Rajnak, K.; Sarup, R.; and Wagner, F. Jr.
(Argonne National Laboratory, Chemistry Division.)

This program is concerned with the experimental measure-
ment of actinide and lanthanide ion absorption spectra, the theo-
vetical interpretation of the experimental data in terms of energy
level structure parameters, and the application of the results to
qualitative and quantitative analysis as well as to the prediction
of thermodynamic propertics. Spectra both in solutions and in
solid compounds are studied.

The absorption spectra of Exr3*: LaF; and ErCly- 6H,0 are being
investigated at low temperature and high resolution. Er3*(4f!!) has
energy level parameters that approximate those for US*. We have
observed anomalies in the parameters determined for U** and
Np** that make it difficult to extrapolate to the structures expected
for the heavier actinides. The study of Er3* resulted in an under-
standing of certain second-order interactions that are important
for fi! (%) systems, and provided a basis for a more detailed
interpretation of Us* and Np®* spectra. Experimental studies of

/ the absorption spectra of the following systems are in progress
and will extend into 1973 and 1974: Cm®*(aquo), BkCly, CfCls,
Sm3* (several crystal matrices), BkBrs. We expect the study of
the low-temperature crystal spectra of the heavy actinide com-
pounds tc be of particular value in developing an understanding of
their coordination chemistry.

The ab initio calculation of the corrections to the Hartree - Fock
theory due to electrostatic configuration interaction for a heavy
ion, Pr3* (4f?), represents the first attempt to derive theoretically
the values of the most important class of correction terms for the
theoretical model used in all of our work. The good agreement
with those values determined parametrically lends strong support
to the mode of approach we have taken. Further calculations in the
actinide range are planned.
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Carnall, W. T., Fields, P. R., and Poppalardo, R. G., Absorption
Spectrum of PuCly, J. Chem. Phys., 53: 2922 (1970).

, Sjoblom, R. K., Barnes, R, F., and Fields, P. R., Observa-

tion and Interpretatior of Low Energy Bonds in the Solution Ab-

sorption Spectra of Bi3* and Bk**, Inorg. Nucl. Chem. Lett., 7:
651 (1971).
,Fields, P. R., and Sarup, R., Optical Absorption Spectra
of Er¥*: LaF, and ErCly* 6H,0, J. Chem. Phys., 56: 4750 (1972).
Morrison, J. C., Fields, P. R., and Carnall, W. T., Configuration
Interaction and the Spectra of LaCly: Pr3*, Phys. Rev., B, 2:
3526 (1970).
, and Rajnak, K., Many-Body Calculations for the Heavy
Atoms, Phys. Rev., A, 4: 536 (1971).

03:66 THEOQRETICAL STUDIES OF NUC LEAR STRUCTURE
IN THE HEAVY ELEMENTS. Chasman, R. R. (Argonne Na-
tional Laboratory, Chemistry Division.)

The purpose of this research program is to develop a good
theoretical description of deformed nuclides, with particular
emphasis on the heavy elements. The most important features in
such a description consist of the nuclear single particle potential
and the attractive two-body residual interactions. Our program
is being carried out on two fronts: (1) the calculation of nuclear
properties as determined by various models of the single particle
potential and of the residual interactions and (2) a long-term col-
laborative effort with the single nucleon transfer spectroscopy
program at Argonne.

Our theoretical studies of the single particle potential center
on the study of shifts and changes in energy level spacings in-
duced by variations of the nuclear single particle potential. These
calculations are combined with the results obtained from the sin-
gle nucleon transfer spectroscopy program to make a detailed
study of the nuclear single particle potential. We are in the pro-
cess of completing such an analysis of the odd-neutron actinides
and are embarking on a study of the odd-proton actinides.

Residual two-body interactions lead to important nucleon cor-
relation effects in nuclei. The most important of these residual
interactions is the pairing interaction. We have recently developed
a correlation method for the theoretical treatment of pairing
forces. We are trying, at present, to extend the method to the
treatment of more complicated residual interactions.
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Chasman, R. R., Simple Momentum-Dependent Nuclear Central
Potential, Phys. Rev., C, 3: 1803 (1971).

, Two-Body Interactions: The Method of Correlated Quasi-

Particles. I, Phys. Rev., C, 5: 29 (1972).

, O% Excited States in the Actinides, Phys. Rev. Lett., 28:
1275 (1972).

Braid, T. H., Chasman, R. R., Erskine, J. R., and Friedman,
A. M., (d,p) and (d,t) Studies of the Actinides. II. #Cm, #Cm,
#ICm, and 2°Cm, Phys. Rev., C, 4: 247 (1971).

03:67 NUCLEAR SPECTROSCOPY OF TRANSPLUTONIUM
ELEMENTS. Fields, P. R.; Ahmad, L.; Barnes, R. F.; Sjoblom,
R. K.; and Wagner, F. Jr. (Argonne National Laboratory,
Chemistry Division.)

The primary aim of our research program is to identify the
single-particle states in the actinide region and measure alpha,
beta, and gamma transition rates involving these states. These
studies in conjunction with the current nuclear reaction spectros-
copy at Argonne map out the Nilsson orbitals in the transpluto-
nium region. Currently, we are investigating the decay scheme of
7-h®Fm. This nuclide decays predominantly (99%) by electron
capture. Because of the expected high spin (%) for the Blpm
ground state, electron capture decay selectively populates the
high-spin states in ¥'Es. We have identified the %-(514) and
Y%+(624) proton states in ¥1Es, This is the first time these two
states have been positively identified in any nucleus. The ob-
served proton states will be helpful in checking the predictions
about the super-heavy elements. The alpha decay of ¥!'Fm is
being investigated with the help of an alpha magnetic spectrom-
eter and high-resolution gamma and electron spectrometers.

We have already identified the %+(622) and %,-(734) single-neutron
states in 27Cf.

We recently completed the decay scheme of 28Am and identified
several electric monopole (E0) transitions in 28Pu, With the aid
of this information several 0* and 1~ states in 8Pu were identi-
fied, The 0% states are of special interest to nuclear physicists
because so far these are not well understood. These 0% states are
also populated in (p,t) reactions on actinide targets. We plan to
investigate the decay scheme of other low-spin odd-odd nuclides
(like 2.1-h #%Es) and measure the rotational constants and B(E0)/
B(E2) ratios for the 0% bands. This information will aid us in a
better understanding of nuclear structure.
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C, 3: 390 (1971).
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Fields, P. R., Electron Capture Decay of »8Am and Electric
Monopole Transitions in %8Py, Nucl. Phys., A 186: 620 (1972).
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Hr #%Am, Phys. Rev., C, 5: 1738 (1972).

03:68 PRODUCTION OF ELEMENTS IN THE ACTINIDE
REGION. Fields, P. R.; Ahmad, [.; Diamond, H.; Friedman,

A. M.; Sjoblom, R.; Lerner, J. L.; Barnes, R.; Cohen, D.;
Carnall, W. T.; Horwitz, E. P.; Fried, S.; Wagner, F. Jr.;
Glendenin, L. E.; Flynn, K. F.; and Gindler, J. E. (Argonne Na-
tional Laboratory, Chemistry Division.)

In recent years our efforts have been concentrated on specific
nuclides of interest in the transcurium region. The primary in-
terest has often been in their nuclear properties, and a number of
scientists with diverse interests and talents may collaborate on
producing a particular nuclide. Our principal production tools at
Argonne are the cyclotron and the isotope separator and highly
developed chromatographic techniques for the isolation of spe~
cific nuclides.

We often use accelerators located at other sites and with the
advent of the Berkeley SuperHILAC we expect to participate in a
major cooperative program aimed at the production of many new
actinide as well as transactinide nuclides. ff and when a heavy-
ion accelerator becomes available, it will become one of our
most important production tools.

Coordinated efforts to produce relatively large amounts of
trans-californium elements for the purpose of studying fission
characteristics are continuing. Studies of the spontaneous f{ission
of %6Fm have been completed and the determination of the mass
yield curve for the thermal neutron-induced fission of 2%Fm is in
progress. Studies of the neutron-induced fission of ¥ m and the
spontaneous fission of **Fm have been planned. It is anticipated
that much of our effort in 1973-74 will be directed at developing
the techniques for isolating nuclides of interest from targets ir-
radiated in the Berkeley SuperHILAC. We will continue to inves-
tigate actinide nuclides that can be prepared in the ANL cyclotron.

03:69 CHEMISTRY OF Np, Pu AND Am. Fields, P. R.;
Carnall, W. T.; Fried, S.; Cohen, D.; Barnes, R.; Sjoblom .
" (Argonne National Laboratory, Chemistry Division.)

The study of the physical and chemical properties of the
lighter actinide elements develops an understanding of their
chemical relationships to each other, to their electronic struc-
tures, and to the other elements in the periodic table.

A study of the structure of Np ions by means of the Raman
spectra of Np(V), Np(VI), and Np(VII) both in acidic and basic
solution is continuing. Attempts are also being made to measure
the molecular weight of the Np(V) species in basic solution using
ultrafiltration techniques. Preliminary studies show the molec~
ular weight of Np(V) to be > 1000 in dilute tetramethylammonium
hydroxide. Attempts to produce NpF; have been only partially
successful. X-ray analysis of one preparation revealed a pattern
isostructural with UFg, but this pattern was not observed in other
preparations. Mdssbauer spectroscopy has shown that several
preparations contained mixed Np(V) and Np(IV) fluorides. Further
work is planned.

Investigations of the chemistry of Pu and Am in basic solution,
which is particularly important to separations procedures, and in
molten hydroxides, are in progress and will be extended to heavier
actinides.

Mossbauer studies with U, Np, and Am compounds are continu-
ing in cooperation with members of the Solid State Science and
Physics Divisions.
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03:70 NUCLEAR PROPERTIES AND REACTIONS OF HEAVY
ELEMENTS. Fields, P. R.; Diamond, H.; Ahmad, I.; Wahlgren,
M. A.; Barnes, R. F.; Sjoblom, R.; Wagner, F.; Gindler, J. E.; and
Friedman, A. M. (Argonne National Laboratory, Chemistry
Division.)

This program, in which cross sections, excitation functions,
the products of nuclear reactions, and fission are studied, is
aimed at producing the nuclides whose properties are to be in-
vestigated as well as determining the best methods for producing
heavy and super-heavy elements.

A sophisticated gas recoil chamber has been built to collect
and identify products from nuclecar reactions with half-lives as
short as milliseconds. The chamber will be used at Argonne and
Michigan State University in studying nuclear isomers, neutron-
deficient isotopes, and special delayed spontaneous fission iso-
mers.

Investigation of the reactions of 2°Cf, 24Cm, and ¥1.23Am with
‘He and *He are in progress. We have started the measurement
of electron binding energies in Am. Alpha groups associatled with
BlEm decay will be investigated. Major emphasis in 1973-74 will
be given to heavy-ion reactions such as stripping, transfer reac-
tions, compound nucleus formation, and fission using the Berkeley
Super/HILAC. Our ultimate aim is to be able to exploit fully the
great potential of this type of investigation through use of the
proposed Argonne heavy-ion accelerator.
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03:71 CHEMISTRY OF THE HEAVIER ACTINIDES. Fields,
P. R.; Fried, S.; Carnall, W. T.; Cohen, D.; Barnes, R.; and
Sjoblom, R. (Argonnc National Laboratory, Chemistry Division.)

This investigation is directed to attaining a basic understand-
ing of the chemical reactions characteristic of the heavier acti-~
nide elements. It also secks to examine the relationship between
electronic structure, as revealed in absorption spectra, and
chemical properties.

With the increasing availability of the transcurium actinides it
has been possible to measure the {irst low-temperature absorp-
tion spectra of some of the pure halides of Bk and Cf. Preparation
on a mg scale is being carried out using methods that had already
been devised for the microchemical study of these compounds.
The compounds are distributed as thin films over the inner wall
of a quartz tube, and light transmitted through the films is ana-
lyzed. Results have so far established the energies of the lowest-
lying levels in the chlorides and bromides of Bk** and Cf** and
muke it possible to deduce general trends in electronic structure
in the transcurium elements. Thesc studies will be extended to
include observations of the fluorides and iodides. At the same
time properties of the crystals produced are being examined
using x-ray and infrared spectroscopy. Possible volatile fluo-
rides of Cf and Es are also under investigation. Solution absorp-
tion spectra of Bk and Cf are being studied in acid and basic,
particularly in carbonate, solutions, in conjunction with an inves-
tigation of oxidation—reduction reactions.
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Carnall, W., Fried, S., Wagner, F. Jr., Barnes, R. F., Sjoblom,
R. K., and Fields, P. R., Absorption Spectra of BkCly and
CfCly, Inorg. Nucl. Chem. Lett., 8: 579 (1972).

03:72 PRODUCTION AND STUDIES OF THE NUCLEAR AND
CHEMICAL PROPERTIES OF HEAVY ACTINIDE AND TRANS-
ACTINIDE ELEMENTS. Fields, P. R.; Unik, J. P.; Horwitz,

P.; Wolf, K.; Friedman, A.; Ahmad, I.; Stein, L.; Fried, S.;
Cohen, D.; and Bloomquist, C. A. A. (Argonne National Labo-
ratory, Chemistry Division.}

The search for new elements has in recent years received
added incentive through many theoretical calculations which indi-
cate that a region of enhanced nuclear stability, an island of
super-heavy elements, may exist as a result of predicted closed-
shell configurations of 114 protons and 184 neutrons. Studies of
the nuclear and chemical properties of this entire new class of
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elements could contribute a great deal to our understanding of
the nucleus and its electronic configurations. Unfortunately, the
high-energy heavy-ion projectiles that are needed to produce the
neutron-rich isotopes on this island of stability have not been
available from existing accelerators. We have attempted to pro-
duce very heavy elements using secondary reactions induced by
irradiating large quantities of heavy targets such as tungsten and
uranium with GeV protons. By bombardment of 28U with 12- and
28-GeV protons, secondary products as heavy as 28Cf were ob-
served to be produced. The effective cross sections for produc-
ing heavier clements are unfortunately so low as to prove im-
practical using existing GeV proton accelerators. However, the
powerful chemical separation and detection methods, as well as
the expertise developed during these earlier studies, will be
applied to searches for super-heavy elements produced using the
LBL SuperHILAC Accelerator in collaboration with the staff of
LBL.

03:73 HEAVY ELEMENT REACTION SPECTROSCOPY
PROGRAMS. Friedman, A. M.; Chasman, R.; Erskine, J.; and
Braid, T. (Argonne National Laboratory, Chemistry Division.)

The major purpose of this program is to understand the struc-
ture of actinide nuclei. For this purpose we have been engaged in
an experimental study of the properties of actinide energy levels
as seen by reaction spectroscopy at the tandem Van de Graaff
accelerator and the cyclotron. We have also utilized information
obtained by decay scheme experiments and have tried to correlate
the .esults of all of these experiments with theoretical develop-
ments in nuclear structure.

We have recently completed a survey of the properties of neu-
tron states in the actinides and tested the more important prop-
erties of these states against current theories. We are now en-
gaged in a study of the properties of proton states in this region
and of beta and pairing vibrational states. We have also begun a
survey of two quasiparticle states of both neutron pairs and
proton neutron pairs.

It is hoped that the results of the first of these investigations
will allow us to test the theoretical predictions for proton states.
We will use these and past results to find a theoretical descrip-
tion of the more complex collective states that we are now study-
ing.

After completing these experiments in order to extend these
studies to more complex nuclear properties of the actinides, we
would require access to beams of heavier ions for transfer reac-
tions, since it will be only by use of these heavier ions that one
can excite more collective nuclear properties or states of higher
angular momentum.
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Mabher, J. V., Erskine, J. R., Friedman, A. M., Schiffer, J. P.,
and Siemssen, R. H., Unexpected Strong Pair Correlations in
Excited OF States of Actinide Nuclei, Phys. Rev. Lett., 25: 302-
306 (1970).
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03:74 RADIOCHEMICAL AND PHYSICAL STUDIES OF NU-
CLEAR FISSION. Glendenin, L. E.; Gindler, J. E.; and Flynn,
K. F. (Argonne National Laboratory, Chemistry Division.)

The thrust of this program is to investigate systematically both
by radiochemical and physical methods the spontaneous fission,
low-energy neutron-induced fission, and medium-energy (<50-
MeV) charged particle and photon-induced fission of available
heavy element nuclides. These studies include the distributions
of mass, nuclear charge, and kinetic energy of the fission frag-
ments: the emission of v and x rays by the fragments; and angular
momentum effects. The objective of such measurements is to
provide aysis of information for the elucidation of the fission

_ process. A more practical objective is to provide information
germane to the development and operation of nuclear reactors.

Currently we are examining the kinetic energy and mass distri-
butions for nuclides that fission either spontaneously or with
thermal neutrons. These include nuclides over a wide range from
223Th through 2%8Fm, including isotopes of Es and Fm that are near
the edge of what appears to be a new and interesting region of
symmetric fission.

The radiochemical and physical studies of the fission process
will be continued for the heaviest nuclides available. In addition,
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plans are being made to investigate the fission of any ‘‘ super-
heavy'’ elements that may be produced by heavy ion reactions at
the Berkeley SuperHILAC.
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(1971).
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Neutron Cross Section of #"Th, J. Inorg. Nucl. Chem., 32:
3441 (1970).

Aumann, D. C., and Gindler, J. E., The Ratio of 11!Pd Isomers
Formed in Charged-Particle and Photon-Induced Fission of
Several Heavy Nuclides, J. Inorg. Nucl. Chem., 32: 731 (1970).

Gindler, J., Munzel, H., Buschmann, H., Christaller, G.,
Michel, F., and Rohde, G., Fragment Angular Distributions in
the Fission of Heavy Nuclei by 103 MeV Helium Ions and 51.5
MeV Deuterons, Nucl. Phys., A, 145: 337 (1970).

03:75 ATOMIC BEAM MAGNETIC RESONANCE MEASURE-
MENTS OF THE ACTINIDES. Goodman, L. S.; Diamond, H.; and
Stanton, H. E. (Argonne National Laboratory, Chemistry and
Physics Divisions.)

Atomic beam magnetic resonance measurements of transitions
between Zeeman levels of neutral atoms can yield atomic and
nuclear magnetic dipole moments and nuclear (electric) quadrupole
moments. The values of these fundamental properties of atoms
and nuclei can be used to test and guide theoretical descriptions
of atomic and nuclear structures. The apparatus is sensitive to
radioactivity and can cope with the large quantities of radioac-
tivity required. It has been used to establish the electronic
ground-state configuration of fermium, which is inaccessible to
optical spectroscopy and is now being used to study einsteinium
and fermium isotopes. Plutonium, neptunium, berkelium, curium,
and francium studies are under consideration.
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Goodman, L. S., Diamond, H., Stanton, H. E., and Fred, M. 8., gj
Value for the Atomic Ground State of Fermium, Phys. Rev,, A,
4: 473 (1971).

03:76 DYNAMIC CHEMICAL BEHAVIOUR OF SOME ACTI-
NIDE COMPOUNDS IN AQUEOUS SOLUTION. Sullivan, J. C.
(Argonne National Laboratory, Chemistry Division.)

Kinetic investigations of oxidation—reduction reactions in
aqueous solution compose a fundamental class of time-dependent
phenomena. The specific chemistry of the 5f transition elements
provides important information necessary for the development of
analytical and separation procedures as well as providing signifi-
cant results within the framework of relevant theoretical descrip-
tions.

Two systems currently under investigation are the equilibrium
and kinetic studies of the reactions

Ru(NHg)d* + Np(III) = Np(IV) + Ru(NHg)¢+ (1)
Ru(NH;) sH,0%" + Np(Ill) = Ru(NHy) ;H,0%* + Np(IV) (2)
and the kinetic study of the reaction

2Np(VI} + CaHy(OH)y = 2NP(V) + O : CgH, : O. (3)

Reactions (1) and (2) are the first studies of a redox reaction with
the neptunium ions where the process is constrained to proceed
by an outer-sphere mechanism. Such reactions are significant for
understanding the importance of relevant parameters in the
Marcus theory. Reaction (3) provides an opportunity to assess the
reactivity patterns of Np(VI) with a reductant of use in analytical
separation schemes.

The reactions of Np(VI) with the biologically significant R-SH
compounds are scheduled for early investigation. The kinetic
study of the reaction of Np(VI) with cysteine should yield infor-
mation on the kinetic parameters that characterize the formation
of cysteine with an oxidant that reacts via an outer-sphere path.
Comparison with such kinetic parameters obtained in the well-
documented Fe(IIl) oxidation should contribute to a theorctical
understanding of the process.
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PUBLICATIONS
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03:77 STUDIES OF NUCLEAR FISSION USING CHARGED-
PARTICLE NUCLEAR REACTIONS. Unik, J. P.; Wolf, K.; and
Gorski, A. (Argonne National Laboratory, Chemistry Division.)

Charged-~particle nuclear reactions are currently being used to
produce a wide variety of fissioning systems with different angu-
lar momentum and excitation energy distributions in order to
study the properties of the nuclear deformation potential energy
surfaces, the fission scission point and the transition states.
Studies of scission-point properties now in progress are yielding
information on how the initial protons, neutrons, and excitation
energies of fissioning nuclei are partitioned between the two fis-
sion fragments. For example, studies of neutron emission from a
wide variety of different {issioning systems will provide informa-
tion on the partition of excitation energy between the fragments
and the deformation of fission fragments at the moment of scis-
sion. Research on the transition states and the potential energy
barriers are providing important information on the motion of
nucleons in extremely deformed nuclei {only achieved in the fis-
sion process) and the influence these parameters have on the
final properties of the fission fragments. Current studies of
spontaneously fissioning isomers are providing detailed informa-
tion on the properties of secondary minima existing in these fis-
sion deformation potential energy surfaces. Recently seven new
isomers have been discovered and studied extensively in the nep-
tunium through berkelium region and these measurements are now
being extended to even heavier elements.
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03:78 RESEARCH IN NUCLEAR CHEMISTRY. Choppin,
Gregory R. (Florida State University, Department of Chemistry.)

The principal objective in this research is the study of the
structural, thermodynamic, and kinetic parameters of the com-
plexation of the trivalent lanthanide and actinide elements in
aqueous solution. The gradual change in cationic radii provides
a unique opportunity to investigate cation charge density and size
effects in hydration and complexation. Correlation of data from
optical spectroscopy, potentiometry, calorimetry, and solvent ex-
traction has supported a model of ionic bonding with large coor-
dination and hydration numbers. A correlation between the
basicity of the ligand and the inner vs outer sphere nature of the
complexes has been noted. A series of fluoro- and chloro-
substituted acetate ligands varying from weakly to strongly basic
are being studied with Am(IIl) and Eu(Il]) to define the variation
of complex type with basicity more precisely. The complexes
formed with several dibasic organic ligands such as squarate and
croconate are under investigation to evaluate the steric effects of
the ligands upon the thermodynamics of complexation.

A kinetic study of actinide exchange in EDTA complexes indi-
cates that the amino groups are not involved in the complexes but
play a role in the kinetics via protonation. The tetracarboxylate
analog of EDTA in which methylene replaces the amino groups is
being synthesized to study the thermodynamics and kinetics of its
complexation with the lanthanides and actinides as a test of the
models of the EDTA complexes.
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03:79 MASS SPECTROMETRIC SEARCH FOR %Py IN
NATURE. Mewherter, J. L.; and Rourke, F. M. {(Knolls Atomic
Power Laboratory.)

HEAVY ELEMENT CHEMISTRY

Small traces of %4Pu may occur in natural material, either as
residual amounts of primordial 4Py (half-life 8.3 x 107 years) or
possibly as a minor component of the cosmic ray flux.

In conjunction with chemists at Los Alamos Scientific Labo-
ratory who isolated the plutonium fraction from a large mineral
deposit of bastnaesite ore we recently were able to further purify
and detect 2 x 107 atoms of #4Pu using the KAPL three-stage
(tandem magnetic plus electrostatic) mass spectrometer. Cur-
rent work includes an attempt to confirm the presence of %Py
from considerably larger amounts of the same deposit and in
addition to also search for *Pu in recently obtained lunar ma-
terial, as well as more recent terrestrial minerals that might
incorporate 2Py from a steady-state cosmic ray origin.
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Hoftman, D. C., Lawrence, ¥. O., Mewherter, J. L., and Rourke,
F. M., Detection of #{Pu in Nature, Nature, 234: 132 (1971).

03:80 ACTINIDE AND LANTHANIDE CHEMISTRY.
Edelstein, N. (Lawrence Berkeley Laboratory, Nuclear
Chemistry Division.)

The basic purpose of this project is to increase substantially
the knowledge of the chemical and physical properties of the
actinide elements and their compounds, and (for purposes of
comparison) of the lanthanide elements and their compounds.
These studies are intended to clarify and extend the relationship
between electron configuration and the chemical, magnetic, and
optical properties of the elements and their ions, particularly in
the solid state.

Magnetic and electronic spectral data of actinide compounds
have been principally interpreted on the basis of a model of point
charges. Direct evidence for the inadequacy of this model is
seen from the appearance of extra structure (superhyperfine
structure) in the electron paramagnetic resonance spectra of
some actinide ions diluted in a cubic lattice, CaF,. This struc-
ture arises from the interactions of these ions with the fluorine
ions. Electron nuclear double resonance (ENDOR) measurements
have shown much larger ligand interactions in the 5f actinide
series than in the 4f lanthanide series duc to the more extended
nature of the 5f orbitals. These types of measurcments will be
extended to other {ransition ions in various host crystals.

Another type of compound in which it is believed covalent (or
bonding) effects are predominant is the his(cyclooctatetraenyl)
actinide(IV) complexes. So far it has been shown that Thit ytt
Nptt, and Putt form a ““sandwich’’ complex with two eight-
membered planar cyclooctatetraenyl rings similar to the struc-
iure of ferrocene. The available magnctic evidence indicates
orbital participation in the 7 bonding predominating in these com-
plexes. Synthetic magnetic and optical spectral work are being
continued to elucidate the honding in this unique type of complex.

There has been much speculation on the role of f electrons in
the bonding of actinide metals. It now appears that beyond atomic
number 94 the 5f electrons become localized. With the present
availability of milligram quantities of the heavy actinides through
Cf a program to synthesize very pure metals of Am, Cm, Bk, and
CI has been initiated. X-ray crystallographic studies and magne-
tic susceptibility measurements from 2 to 300°K will be made on
these samples. [t is hoped this information will provide 4 better
understanding of the bonding properties of the actinide metals.
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03:81 SEARCH FOR SUPERHEAVY ELEMENTS BY ON-
LINE IDENTIFICATION IN SASSY SYSTEM. Ghiorso, A.
(Lawrence Berkeley Laboratory, Nuclear Chemistry Division.)
To expedite the quest for the hypothesized super-heavy ele-
ments that are expected to be made as the result of heavy ion
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reactions at the Berkeley SuperHI{LAC, we have developed a very
efficient apparatus to which we have given the name SASSY, an
acronym that stands for Small Angle Separator System. The aim
of the system is a separation of the desired recoil products ac-
cording to their velocity, mass, and nuclear charge. SASSY should
accomplish this separation with good enough resolution to allow
the first sensitive survey of the possibilities of super-heavy ele-
ment production by means of heavy-ion bombardment.

The instrument works in the following way. After a super-heavy
recoil atom has been ejected (for example, let us assume a 100~
MeV recoil from the interaction of ®Ge with #2Th), it passes
undeflected through a velocity separator in vacuum while the im-
pinging heavy ion beam is bent completely into a faraday cup. The
super-heavy particle then passes through a thin-window multiwire
proportional counter into a gas-filled magnetic field region. The
counter records for each particle the x- and y-positions, the time
within a couple of nanoseconds, and an approximate value of its
dE/dz in the counter gas. Within the gas-filled region the recoil
undergoes a very large number of charge-changing collisions so
that its behavior in the magnetic fields is defined by its mean
charge state and thus is the same as every particle with the same
nuclear charge, velocity, and mass. The recoil is thus focused
and bent by quadrupole and homogeneous magnetic ficlds, and it
passes through a second transmission counter into a region where
its final detection can be accomplished by solid state devices.

The two proportional counters measure the velocity of each recoil
and its magnetic radius of curvature. The solid detectors meca-
sure the recoil energy and any subsequent radioactive decay by
alpha emission or spontaneous fission. Alternative detection
methods include the use of nuclear emulsions and characteristic
X-ray measurements.

03:82 NEW-ELEMENT CHEMISTRY—~ ELEMENTS-104, -105,
AND BEYOND. Ghiorso, A.; Nurmia, M.; Nitschke, J. M.; and
Hulet, E. K. (Lawrence Berkeley Laboratory, Nuclear Chemistry
Division.}

Elements-104 and -105 can at present be produced only at a
rate of a few atoms per hour. In addition, the half-lives of even
the longest-lived known isotopes of these elements are only a few
tens of seconds. Thus it has been necessary to develop an en-
tirely new type of instrument—a computer-controlled chemistry
machine-—to perform the hundreds of repetitive experiments
needed to determine the chemical behavior of a sufficient number
of the newly synthesized atoms. This machine was partially tested
with element-104, and its first main task will be to study the so
far unknown chemical characteristics of element-105, hafnium
It can automatically perform a complicated chemical separation
and study the radiations from a number of different fractions
under direct computer control. The experimenter can give direc-
tions to the computer and change the procedures by means of a
teletypewriter terminal.

Using this apparatus, present plans envision a comprehensive
investigation of the chemical properties of elements-104 and -105
in collaboration with members of the Nuclear Chemistry Division
of the Lawrence Livermore Laboratory. Both ion exchange and
hydrolysis types of experiments will be performed. Depending on
the success of the first experiments the future chemical studies
can be extended as needed. The question of heavier element
chemical research will depend on yields and half-lives.

03:83 QUANTUM MECHANICAL DESCRIPTION OF PAR-

TICLE TRANSFER BETWEEN HEAVY IONS. Glendenning,
Norman K. (Lawrence Berkeley Laboratory, Nuclear Chemistry
Division.)

There is a rapidly developing body of experimental data on
reactions between heavy ions. Such reactions in which several
nucleons are transferred makes possible, in principle, a de-
tailed study of the correlations between nucleons in the nucleus.
In the collision between ions of large Z, Coulomb excitation may
become very important, so that states whose parentage is based
very largely on collective excited states should be populated with
greater probability than in transfer reactions involving light
nuclides that have been most intensively studied in the past. It
might be thought that a quantum mechanical calculation of the
transfer reaction under conditions where Coulomb excitation is
important would entail the usual difficulties associated with the
long range of the Coulomb field, and semi-classical descriptions
have been formulated. However, these difficulties do not in fact
arise in the transfer process, because a close collision is required
in order to transfer neutrons. A fully quantum mechanical treat-
ment is therefore feasible. It is clearly a prerequisite that the
reaction mechanism involved in heavy-ion transfer reactions be
understood before they can be used effectively in the study of nu-
clear correlations. It is the aim of this project to investigate by
means of appropriate model calculations what role the Coulomb
excitation process will play in transfer reactions.
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03:84 SPONTANEQUS FISSION STUDIES. Thompson, S. G.;
and Moretto, .. G. (Lawrencc Berkeley Laboratory, Nuclear
Chemistry Division.)

Studies of spontaneous fission in which the isotope 252Cf is used
will be continued. Measurements of the prompt radiations, c.g.,
neutrons, ¥ rays, and x-rays, associated with events in which the
energies of both fragments are also measured, provide informa-
tion concerning the fission process itself and the decay properties
of neutron-rich nuclei produced only in the fission process. Ex-
amples of experiments to be done in the near future are given
below. 1) More-accurate measurcments of the lifetime of the
prompt fragments for v decay should give, for example, more
precise information concerning the extraordinarilv large defor-
mations of fragment nuclei in the region near mass 100. 2) Mea-
surements of g-factors of 2+ states of even—even fission frag-
ments by observing perturbed angular correlations of gamma
transitions from fragments recoiling into magnetized iron will
be made. 3) More accurate measurements of the number of neu-
trons emitted by fragments of known masses and kinetic energies
will be made using a large liquid scintillator. This apparatus will
also be used to measure ¥, the number of neutrons per fission for
"several heavy nuclei. 4) Studies will be made of fission events in
which two or more long range particles, e.g., two alpha particles,
are emitted. Such data may provide information on the times as-
sociated with the division of nuclei. 5) Studies will be conducted
on the decay properties of odd-mass fission fragments. If certain
relationships can be discovered by studying the y spectra, it may
be possible to work out decay schemes just as was done success-
fully for more than 30 even—even fission fragment nuclei. 6) Fis-
sion propertics of super-heavy nuclei (if produced) will be
studied. Measurements will be made of kinetic energies of frag-
ments and the number of neutrons, ¥, emitted per {ission cvent.

PUBLICATIONS

Cheifetz, E., Jared, R. C., Thompson, S. G., and Wilhelmy, J. B.,
Phys. Rev. Lett., 25: 38 (1970).

, Jared, R. C., Thompson, 8. G., and Wilhelmy, J. B., in

International Conference on the Properties of Nuclei Far from

the Region of Beta Stability, Leysin, Switzerland, 1970, Report

CERN-70-30, Vol. 2, p. 883, 1970.

, Wilhelmy, J. B., Jared, R. C., and Thompson, S. G.,
Phys. Rev., C, 4: 1913 (1971).

Wilhelmy, J. B., Thompson, S. G., Jared, R. C., and Cheifetz, E.,
Phys. Rev. Lett., 25: 1122 (1970),

03:85 STUDIESOF THE MACROSCOPIC PROPERTIES OF
LARGE NUCLEI BY MEANS OF HEAVY-ION REACTIONS.
Thompson, 8. G.; and Moretto, L. G. (Lawrence Berkeley Labo-
ratory, Nuclear Chemistry Division.)

A large variety of heavy ions will be available at the Super-
HILAC. These complex projectiles will allow us to study the
macroscopic dynamic properties of very large nuclear sys-
tems, as they can be described for instance by the liquid drop
model. a) The experimental determination of Coulomb barriers
will give information regarding the initial phase of the interaction.
The effects of the ground state deformation and the deformation
induced by the mutual repulsion can be studied in such a fashion.
b) As the two nuclei come in contact, the system will tend to
equilibrate both in shape and in charge-to-mass ratio. The mea-~
surement of the mass and charge distribution of the fragments
produced at this stage will give information about the different
relaxation times involved and possibly about viscosity. It will
also be possible to test some hydrodynamic predictions, already
verified in different liquids, like ‘‘splash back’’ reactions. ¢} As
the relaxation processes terminate, a compound nucleus is formed.
Heavy ions make possible the study of the equilibrium properties
of compound nuclei not only as a function of excitation energy but
as a function of angular momentum as well. For small angular
momenta, the compound nucleus should flatten. Above a critical
angular momentum, the compound nucleus should become very
elongated. The shape of the evaporation spectra of charged par-
ticles should confirm such predictions. d) The compound nucleus
can decay in various ways. Some modes involve large displace-
ment of nuclear matter, for example fission or the emission of
complex particles. These processes can also be studied as a func-
tion of excitation energy and angular momentum, and they provide
valuable data concerning the static and dynamic properties of nu-
clear matter.
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03:86 ‘“EFFECT OF NUCLEAR SHAPE ON ELECTRONIC
ORBITALS OF SUPER-HEAVY ELEMENTS.”” Waber, James T.
(Northwestern University, Department of Materials Science,
Technological Institute.)

Precise calculation of the x-ray transition energies has been
investigated as one means of identifying super-heavy elements.
It appears to be feasible. However, various relativistic quantum
electrodynamic corrections that are difficult to calculate ac-
curately reduce the present reliability.

One interaction between electronic orbitals and the nucleus,
namely, the hyperfine splitting, has been investigated using multi-
configurational relativistic Hartree— Fock wave functions. The
new treatment has resulted in improved agreement with experi-
mental results.

Another interaction, the isomer shift in Mdssbauer speciros-
copy, has been reformulated more precisely in terms of the
difference between four relativistic integrals.

There are plans to investigate chemical compounds of super-
heavy elements using the a-cluster method modified to include
relativistic effects.
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03:87 TRANSURANIUM ELEMENT CHEMISTRY. Baybarz,
R. D.; and Haire, R. G. (Oak Ridge National Laboratory, Chemi-
cal Technology Division.)

Now that significant quantities of transuranium elements are
available, a systematic study of actinide element chemistry and
of comparative lanthanide element chemistry is being carried out.
These studies will materially increase our basic understanding
of the actinide series. This program includes solution chemistry
(with particular emphasis on complex formation) and the prepara-
tion of solid actinide compounds and their characterization by
x-ray diffraction, electron microscopy, thermogravimetry, dif-
ferential thermal analysis, and metallographic examination. Ex-
perimental work on the hydroxides is nearing completion. Phase
changes for sesquioxides of the actinides, americium through
einsteinium, have been investigated from room temperature to
the melting points. Metals of the actinide elements, americium
through einsteinium, were prepared by reduction of the oxide with
lanthanum. Crystal structures of the metals were studied by
electron-diffraction techniques from 20 to 1000°C; phase transi-
tions and melting points were determined. At the present time,
emphasis is given to preparation and identification of compounds
containing divalent and tetravalent actinides. Comparative studies
of the lanthanides and actinides will include preparation, identi-
fication, and hydrolysis of carbides.
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03:88 PREPARATION AND PROPERTIES OF ACTINIDE
OXIDES. McBride, J. P.; Haire, R. G.; and Morse, L. E.
(Oak Ridge National Laboratory, Chemical Technology Division.)

HEAVY ELEMENT CHEMISTRY

The purpose of this program is to investigate the properties and
reactions of lanthanide and actinide oxides and hydroxides, the
oxides being both as dispersed, hydrated colloids and as ceramics.
The studies include the conversions to ceramic carbides and ni-
trides and their reactions, including determination of reaction rates
and identification and control of stable and metastable phases. The
colloids studied range from concentrated sols as utilized in sol—
gel processing to extremely dilute dispersions significant to waste
streams, etc. Colloid electrical double-layer barriers and the
dispersion—aggregation behavior they control are being studied
both theoretically by computer modeling and experimentally by
chemical methods including electrophoresis, streaming current,
conductimetry, diffraction, and microscopy.

Crystal structures of the transplutonium oxides and hydroxides
are being examined hy electron diffraction, more suitable than
x-ray diffraction for the high-specific~activity isotopes. Controlled
oxidation of urania sols is being correlated with degree of crystal-
linity, zeta potential, and degree of aggregation of the colloidal
particles. These studies, together with flow and stability studies of
various mixed sols, are coordinated with theoretical modelling
studies. Current studies of carbothermic and nitrogen-carbo-
thermic reactions and products, c.g., for use in reactor fuels, will
be extended to hydrolysis of lanthanide and actinide carbides to
produce synthetic hydrocarbon fuels.
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03:89 NUCLEAR STRUCTURE STUDIES IN THE HEAVY
ELEMENT REGION. Bemis, C. E. Jr., Silva, R. J.; Dittner,
P. F.; (Ford, J. L, C. Jdr.; McGowan, ¥. K,; Stelson, P. I
Milner, W. T.; and Robinson, R. L.; Physics Division). (Oak
Ridge National Laboratory, Chemistry Division.)

The behavior of nuclear matter is determined to a large extent
by level structure and shape effects. Thus, particle scattering and
Coulomb excitation experiments on those heavy nuclei that shed
light on these properties are being pursued; for example, single
proton states in 2°Bk were obtained from the energics of the deu-
terons and tritons emitted in the *¥Cm(*He,d) and (‘He,t) reactions.
Similarly, nuclear levels of 238U are being obtained via inelastic
deutcron-scaitering experiments. Also, knowledge of ground-state
deformations, static and transition electric quadrupole and hexa-
decapole moments, and lifetimes of excited nuclear states are
being obtained for a number of even—even transuranium isotopes
from Coulomh excitation studies.

Investigation of states in the first potential well (but connected
to states in the second well) gives further insight into the states at
large deformation. The products of fission isomerism via Coulomb
excitation will provide an exact description of these states, and we
plan to extend our studies to the production of spontaneously fis- =
sioning isomers via Coulomb cxcitation, c.g., HimAm,

As high-atomic-number projectiles become available, studies of
multiple Coulomb excitation, angular momentum limits, and direct
Coulomb-induced fission will he possible.
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03:90 A STUDY OF COMPLEX NUCLEAR REACTION
MECHANISMS INVOLVING HEAVY IONS AND HEAVY TARGET
NUCLEI. Hahn, R. L., and Dittner, P. F., (Toth, K. S., Physics
Division), Keller, O. L. (Oak Ridge National Laboratory, Chemis-
try Division.)
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The use of heavy ions allows experimenters to progress to new
frontiers in nuclear interactions. As the complexity of the bom-
barding ion increases, the number and complexity of reaction
paths increase thus leading to a large variety of product nuclei.
The study of heavy-ion reactions provides important information
to our understanding of the interaction of nuclear matter and, at
the same time, aids in the discovery of new and better methods of
production of the heaviest elemenls and isotopes.

The effects of projectile mass and atomic number, angular
momentum, and shell structure upon such quantities as the total
reaction cross section, Coulomb barrier height and shape, and the
probabilities for fission and complex emission are being measured
for the ions 12C, YN, 80, and 2Ne. The excitation functions,
energies, and angular distributions of the light-ion products (i.e.,
1He, 8Be, etc.) produced in the bombardment of 28U with 2C and
() are being determined with an E—AE particle identification
system. In addition, the energy and angular distributions of 244Cf
and 25Cf nuclei produced in the reactions 2¥U(%2C,5n and 6n) and
239py (12C,0 2n and o 3n) are being determined by alpha counting of
collected recoils.

These studies will be extended to other heavy element targets,
{e.g., 208ph and 24!Am, and to more complex projectiles (Ne to Ar).
For this, improvements in the ORIC ion source will be necessary,
so that the heavier ions will have sufficient energy to penetrate the
Coulomb barrier.

03:91 SEARCH FOR SUPER-HEAVY ELEMENTS BY NEU-
TRON MULTIPLICITY COUNTING. Halperin, J., Stoughton, R. W
and Druschel R, E. (Oak Ridge National Laboratory, Chemistry
Division.}

An unexpected stability has recently been predicted for nuclides
near closed shells at Z = 114 and higher. If such nuclei were
formed in stellar nucleosynthesis, the half-lives predicted suggest
that detectable amounts would remain in nature.

Since such super-heavy elements (or their daughters) are ex-
pected to decay by spontaneous fission and since the number of
neutrons per fission (¥) is calculated to be very high (~10), we have
assembled a neutron multiplicily counter to search for such nu-
clides. The counter accepts samples of about 50 kg and has a sen-
sitivity of about 1 spontaneous fission {of high ¥) per day.

This technique has two main advantages over others. The large
sample size allows measurements without prior chemical separa-
tion (which entails possible loss of an element of imperfectly
known properties), and the insensitivity to y rays allows study of
rather hot accelerator targets.

With this counter, we are examining a wide range of natural
samples, and intend to examine accelerator targets as they become
available. A growing number of accelerators is able to provide
heavy-ion beams of adequate energy and intensity to test the pos-
sibility of synthesizing such super-heavy nuclides.
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03:92 INVESTIGATIONS OF THE ACTINIDE ELEMENTS AND
THEIR COMPOUNDS BY ELECTRON SPECTROSCOPY. Krause,
M. O. (Oak Ridge National Laboratory, Chemistry Division.)

Electron spectroscopy offers a powerful approach to the deter-
mination of binding energies of electrons in atoms. The host atoms
can be located in gases or in solids so that environmental effects
can be pinpointed. Two aspects of the binding energy are particu-
larly interesting in the actinide region because they can only be
studied there. One is the second-order relativistic corrections
that enter into the calculation of binding energies from first prin-
ciples, and the second is the behavior of the 5f electrons with
chemical binding,

An evaluation of inner shell binding energies and x-ray energies
of the actinides is being made to test such theoretical predictions.
Further, photoelectron spectrometry is to be used to measure
binding energies with high accuracy in free Am atoms, where solid
state and chemical effects are eliminated.

In the lanthanide region, eleciron spectroscopic studies on com-
pounds such as the fluorides have already yielded fruitful results
in the determination of the location of the 4f electrons, their spin-
splitting, and their energy shifts as a function of atomic number
through the series. Similar information will be most helpful in the
development of an understanding of the bonding in the actinide
region since the data are expected to be amenable to theoretical
treatments already developed in our laboratory.
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03:93 PHYSICAL CHEMISTRY OF THE ACTINIDE ELE-
MENTS. Nugent, L. J., (K. L. Vander Sluis, Physics Divisionj.
(Oak Ridge National Laboratory, Chemistry Division.)

In the actinide region the direct determination of such quantities
as oxidation potentials, heats of sublimation, ionization potentials,
and heats of solution, has proceeded slowly because of manifold
experimental and theoretical difficulties. Recently, however, we
have been making considerable progress in the theoretical predic-
tion of unknown oxidation potentials in the heavy elements, and
these predictions have been instrumental in directing new experi-
mental efforts. For example, guided by these predictions, we have
just prepared the first compounds of divalent actinides (californium
dibromide and americium diiodide), and a polarographic determi-
nation of the II-1III oxidation potential of californium has just been
completed.

The techniques used to predict oxidation potentials have now
been extended to allow the estimation of heats of sublimation and
solution in the actinide region. These estimates indicate that some
presently accepted data are in error. Although interest in thermo-
dynamic properties at the end of the actinide series is high, such
properties for elements 100 (fermium) and beyond will be available
only from theory because the quantities potentially available are
so small. This points up the value of our theoretical approach and
also indicates the importance of obtaining experimental values for
all the elements possible, so that the theoretical values will have
as much experimental validation as possible.
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03:94 SOLID STATE AND SOLUTION CHEMISTRY OF THE
TRANSURANIUM ELEMENTS. Peterson, J. R. (Consultant from
University of Tennessee), Burns, J. H., Baldwin, W. H., (Baybarz,
R. D., Chemical Technology Division). (Oak Ridge National Labo-
ratory, Chemistry Division.)

A major interest in the transuranium elements is the bonding
exhibited in solution and in crystals. Our studies of bonding range
from the metals themselves through binary compounds, such as
oxides and halides, to relatively complex compounds that some-
times include organic moieties. We aim to establish the bonding of
the various transuranium elements in a variety of states of corn-
bination by structural, thermodynamic, spectroscopic, and mag-
netic measurements on appropriate elemental or compound sam- -
ples.

Our studies of the metallic state have been directed to berkelium.
It was first prepared here, and its melting point and the structures
of its two modifications were determined. We plan to study mag-
netic properties of the two modifications and to obtain the heat of
solution of the element.

Neptunium was first coerced into the oxidation state of VII in the
USSR, through a complex ion of only guessed-at identity. We have
worked out a crystal-growing technique to obtain single crystals
of compounds such as LiCo(NHj3)gNp,0z(OH), - 2 H,O which we have
shown by x-ray diffraction to contain the square planar NpOj ion.
This suggests that NpO,(OH)§~ may occur in strongly alkaline
solution, and we are planning to examine its structure spectro-
scopically. We also plan to see whether fluorine can be substituted
for oxygen while maintaining the neptunium in the VI state.
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03:95 SEARCH FOR NEW TRANSURANIUM ELEMENTS AND
ISOTOPES. Silva, R. J.; Bemis, C. E. Jr,; Dittner, P. F.;

Eichler, E.; Hahn, R. L.; Keller, O. L,; and Mallory, M. L.;
D. C. Hensley and C. D. Goodman, Physics Division). {(Oak Ridge
National Laboratory, Chemistry Division.)

The heavy actinide and transactinide elements lie at the
presently known limit of nuclear matter. The investigation of
their stability and structure provides important information for
nuclear theories and suggests directions for improved stability
calculations, The study of alpha, gamma, and fission properties
can lead to more detailed knowledge of the nuclear energy levels
of the heaviest elements and to a befter understanding of these
nuclear decay processes.

Currently, we are attempting to produce thc new element-106 via
the 243C{(180 4n)%63106 reaction. Because of the half-lives (millisec.)
and low product rates (a few atoms per day), a large fraction of
our effort is directed toward the development of techniques for the
fast isolation of product nuclei and the identification of atomic num-
bers and mass numbers. For example, on-line energy, velocity
and mass analysis systems as well as fast gas-phase chemical
separations are being developed. In addition, the alpha —x-ray
technique for Z identification, developed for element-102 (¥¥No),
is being applied to element-104 (337104). A gas-jet capillary sys-
tem is being developed for rapid transport of product atoms in
high yield over a dislance of several feet {o a shielded area. The
alpha —x-ray technique can then be used for decay studies of nu-
clides with sub-second half-lives. We will continue our search for
and study of long~lived isolopes of known elements as well as,
e.g., the recently discovered isotope ¥™No (T, = 54 minutes).
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03:96 CHEMICAL STUDIES OF ACCELERATOR-PRODUCED
ELEMENTS IN THE ACTINIDE, TRANSACTINIDE, AND SUPER-
HEAVY REGIONS. Silva, R. J.; Keller, O. L.; Baybarz, R. D
and Peterson, J. R. (University of Tennessec). (Oak Ridge Na-
tional Laboratory, Chemistry Division.)

The great correlative and predictive power of the Periodic
Table of the Elements rests on the periodicity with atomic number
of the electronic configurations, which, in turn, rests on the funda-
mental laws of quantum mechanics. As the elements get heavier,
however, relativistic effects become more and more important,
and they could change the familiar periodicity significantly. Such
relativistic effects are now scen as important in the calculation
of certain atomic properties, but they may soon be seen in the test
tube as an aclual change in chemical properties away from those
expected on the basis of systematics alone. Although predictions
made here and elsewhere indicate that such large changes will not
occur uniil around elements-111 and -115, it is important now to
be studying the heaviest elements available, namely those in the
range of 102 through 105. These clemenis are important in them-
sclves because they occur at the end of the actinide (5f) scries and
at the beginning of the transactinide (6d) series of elements.
Mapping oui the structure of the periodic table in this critical
region is therefore the next important step at the frontier of inor-
ganic chemistry.

Collaborative experiments have already heen carried out with
researchers at the Berkeley HILAC on the aqueous chemisiry of
elements-102 and -104. The construction of an automated system
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is now nearing completion for the first aqueous chemical separa-
tion of element-105 (using %2105, T, = 40 seconds). Also, at the
Oak Ridge Isochronous Cyclotron, we have initiated studies of the
chemistry of lawrencium, element-103, using the threec-minute
isotope of mass 260. Since element-103 is the last member of the
actinide series, and element-104 the first member of the trans-
actinides, these experiments are looking at a point where the
chemistry should change drastically with a change of one in atomic
number .
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03:97 STUDIES OF LOW-ENERGY-INDUCED NUCLEAR
FISSION. Loveland, Walter D. (Oregon State University,
Chemistry Department.)

The main objectives of this research program are:

(a) An attempt to search cxperimentally for evidence of a con-
nection hetween the transition nucleus and the fission mass dis-
tribution,

(b) Measurements of the fragment angular momentum in fission
for fissioning systems of different (Z,A) and as a function of the
fragment mass asymmelry in a given fissioning system,

(¢) A study of the details of the cnergy balance in fission.

Research toward objective (a) is being carried out by measuring
and analyzing the fragment angular distributions and cross sec-
tions as a function of excitation encrgy for *6Ra (n,f). Isomer ratio
measurements and fragment y-ray angular correlations arc used
to study fragment angular momentum. Current studics of the fis-
sion energy balance involve measurement of y-ray-cnergy release
in 2%Pu (n,f). Research on unusual aspects of fission such as
short-range @ particle emission and ternary fission is being
carried out as well as studies of the nuclear structure of frag-
ments near A = 132,
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03:98 “SPECTROSCOPIC STUDIES OF ACTINIDE IONS IN
CRYSTALLINE SOLIDS”. Gruber, John B. (Washinglon State
University, Department of Physics.)

Our rescarch objectives arc the detailed evaluation and analysis
of the optical and magnetic properties of actinide ions incorporated
into single-crystal insulator, semiconducior, and superconductor
lattices. Single crystals arc either procured or grown in our labo-
ratory for these studies. The optical absorption, {luorescence, and
Zeeman spectra provide datla that (1) identify the electronic states
of actinide ions, (2) indicate mechanisms of coupling between the
ion and the lattice through evaluation of optical transition line
widths, and (3) provide actinide ion—ion interactions through addi-
tional observed lines as a function of actinide ion concentration.

Magnetic studies in the form of EPR and NMR expcriments indi-
cate the nature of the ground state level of the actinide ion in the
crystal, the actinide nuclcus coupling to the 5f electrons, and the
degree to which the 5[ electrons are involved in chemical bonding.

Actinide ions “doped’’ into various semiconductors and super-
conductors act as optical and magnetic probes in understanding
the clectrical propertics of these materials.

Lasers are used to induce optical harmonics and multiphoton
absorption in all these materials. Optical harmonic generation
allows us to continue the search for useful optical parametric
oscillators. Multiphoton absorption allows us to study states of
actinide ions not observed using ordinary spectroscopy techniques.
We can induce ultraviolet laser action by internal pumping through
the actinide fons themselves when such actinide ion states arc not
excited by single photlon flash-lamp techniques.
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03:99 SEARCH FOR ELEMENT-118 (EKA-RADON), Wahl,
Arthur C. (Washington University, Department of Chemistry.)

The objectives of this investigation are to discover nuclides with
atomic number 118, to study the decay properties of these nuclides
and of their probable descendants (isotopes of elements-116, -114,
-112, and -110), and to look for very short-lived (half-lives ~107%
sec) spontaneously fissioning products of heavy-ion reattions.
Heavy targets (***Bi, 2%U) will be bombarded with heavy ions
(136X e, 20}g, 281)) from the Berkeley SuperHILAC to try to form
compound nuclei that fission to give a broad spectrum of products
including isotopes of clement-118. Fission fragments will be
stopped in strontium stearate, from which only inert gas atoms
will escape into an evacuated space lined with plastic and/or mica
track detectors, which will register the passage of a fragment
from a spontaneously fissioning descendant formed by several
alpha decay steps from an 118 isotope. The heavy-ion beam and
some reaction products will pass through a hole in the stearate
collector and down a tube containing baffles over track detectors
to register fragments from decay by spontaneous fission of reac-
tion products in flight. Construction of the equipment is nearing
completion; it will be tested at the Washington University cyclotron
before experiments are undertaken at the SuperHILAC.
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copy; 03:237, 03:256, 03:257, 03:261; Thermodynamics: 03:308,
03:311, 03:316, 03:321; High-Temperature and Inovganic Chem-
istry: 03:340, 03:359, 03:363; Struclural Chemistyvy: 03:371,
03:372, 03:373; Analytical Chemistry: 03:407; Sepavations Chem-
istry: 03:412, 03:414, 03:415, 03:418; Engineeving Chemistry:
03:437; Miscellancous Chemical Sludies: 03:448, 03:455, 03:456.
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Studies of the interactions of ionizing radiation with water and
agueous solutions.

03:100 RADIATION CHEMISTRY OF AQUEOUS SOLUTIONS.
Hart, E. J.; Matheson, M. $.; Schmidt, K. H.; Jonah, C.; Martin, J.;
and Miller, J.: (Argonne National Laboratory, Chemistry Division).
The primary processes taking place in irradiated water and the
reactions of hydrated electrons (e3 ), If atoms, and OH radicals
are being investigated by pulse radiolysis techniques. The pulse
length of our new high-current, L-Band (1300 MHz) Linac has been
decreased from about 1 X 107? sec to near 50 X 10712 sec by the
recent installation of a new prebuncher. This single 50-picosecond
pulse delivers a dose of 2 1o 3 kilorads. Reactions of subnano-
second duration may now be studied with equipment consisting of
a pulsed laser, a fast photodiode, and a multichannel analyzer
having a time resolution of about 90 picoseconds. Work is in
progress to settle the controversy regarding the primary hy-
drated electron yield. Glezq) is presently reported as ranging
from 3.4 t0 5.0. The absolute value of GleZg) as well as the
decay rate of e, at subnanosecond time intervals will provide

. aq " . - . .
information regarding *‘spur’’ size and e3q distribution. Our
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picosccond pulse will also be used to study pre-hydration reac-
tions of e™.

Studies involving subexcitation electron-, ez-, OH-, and H-
atom reactions with scavengers at high concentrations, such as
those in living cells, are under investigation. Other pulse ra-
diolysis studies utilizing standard spectrophotometric and con-
ductimetric techniques, and vy irradiation will continue on aqueous
oxygen and methune solutions. The excitation of RH(C N)?~, Ru
(bipyridyl)3*, and electron tunnelling in aqueous glasses and other
inorganic and organic ions are also being studied along with
fluorescent reactions of tritiated water and chemiluminescent
reuctions of eqq.
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Bjergbakke, E., and E. J. Hart, Oxygen Formation in the Gamma-
Ray Irradiation of Fe?*—Cu?* Solutions, Radiat. Res., 45: 261-
273 (1971).

Gupta, B. L., and E. J. Hart, Radiation Chemistry of Some Sulfo-
naphthalein Dyes, Radiat. Res., 48: 8-19 (1971).

Koulkes-Pujo, A. M., B. D. Michael, and E. J. Hart, Scavenger
Studies of Electron Pulse Irradiated Solutions al Hydrated
Electron Half-Lives in the Range 35 to 0.35 Nanoseconds, Int. J.
Radiat. Phys. Chem., 3(3): 333 (1971).

Michael, B. D., E. J. Hart, and K. H. Schmidt, The Absorption
Spectrum of ey in the Temperature Range —4 to 390°, J. Phys.
Chem., 75: 2798-2805 (1971).

03:101 EFFECTS OF MERCAPTANS AND DISULFIDES IN
PHOTOCHEMICAL AND HIGH-ENERGY-RADIATION-INDUCED
REACTIONS. Cohen, Saul G.  (Brandeis University. Department
of Chemistry. Waltham, Massachusetts 02154).

The objective of this program is to establish the factors that
allow mercaptans to either inhibit or accelerate the chemical
consequences of v and ultraviolet radiation.

The radiation- and light-induced reactions that we study are
those in which fragments or excited species abstract or donate a
hydrogen atom, and the radicals so formed lead to the products

A+ BH — AH + BH- —~ HBBH or B + BH,
A + BH, — AH- + BH. — HBBH + HAAH, etc.

We have shown that mercaptans may act alone or as the mercaptan-
thiyl radical hydrogen atom donor--acceptor couple. They inhibit
and enhance reactions by the same mechanism, by reaction with
radical intermediates, donating or abstracting hydrogen. They in-
hibit if these reactions restore the intermediates to the initial
states. They accelerate if these reactions carry intermediates on
to products, that may not he formed at all in the absence of
mercaptans.

We are currently studying y radiolysis of esters in dilute water
solution, Scheme A. The radicals are formed as indicated and in
the ahsence of mercaptans lead to dimeric products. This is
inhibited by mercaptans, which restore the radicals to the starting
ester. However, mercaptan accelerates

H
Q
CHy~C—O-CH,
: I A
-CH,~C—-O~CH,
1 1
RSH
i I — I+ 11 = T+ D1 — 101
?
CH; ¢ O CH,
H

CH;—CHO + HO—CH,

reductive cleavage. Extension of this to polymeric systems indi-
cates that mercaptans would prevent cross-linking but enhance
chain rupture. This study will be extended to ¥y and ultraviolet
irradiation of ethers, amines, amides, and polymeric systems.
Inhibition of formation of dimeric products by other additives,
sodium formate, carbon monoxide, 2-propanol, and nitrous oxide,
which react directly with H and OH, is also being studied.
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PUBLICATION

Cohen, 8. G., and I'. L. Lam, Repair and Damage by Mercaptans in
80Co Gamma-Ray Irradiation of Organic Compounds in Aqueous
Solution, Radiat. Res., 45: 462 (1971).

03:102 RADIATION CHEMISTRY OF CYANIDE ION. Allen,
A. O. and Bielski, B. H. J. (Brookhaven National Laboratory,
Chemistry Department).

The effects of radiation on aqueous solutions of most of the
common ions have been studied extensively, but an adequate study
of cyanide has not yet heen made. There is reason to believe that
action of free radicals on cyanide ions may have been important in
the chemistry that led to the ovigin of life in the primitive oceans.

Irradiation of KCN solutions by ¥ rays in the absence of oxygen
vields a variety of products: NHj, CO%V, CNO™, CH,0, HCOO™,
cyanamide, urea, glycine, and others not yet identified. As irra-
diation continues, still more complex compounds are built up. The
main primary chemical action of the radiation is to produce OH
radicals and solvated electrons; the latter do not react with
cyanide, but convert the products of the reaction of OH with
cyanide to a variety of forms. Addition of N,O converts the sol-
vated electrons to OH radicals and simplifies the chemistry; the
main initial stable product then is CNO™, though more complicated
products build up in time. To determine the reaction mechanisms
in more detail, quantitative studies of product yields and pulse
radiolysis studies of cyanide solutions under various conditions
are being made. :

03:103 STUDY OF ENZYMATIC MECHANISMS BY PULSE
RADIOLYSIS. Bielski, B. H. J. (Brookhaven National Labora-
tory, Chemistry Department).

Basic experimental methods are being developed for the appli-
cation of pulse radiolysis to the study of enzyme mechanisms.
Pulse radiolysis offers a method of introducing substrate into the
system in microseconds. Its advantage over flow-mixing tech-
niques that operate in the millisecond range is apparent. The
onset and coursc of an entire enzymatic cycle have been demon-
strated on the ascorbic acid— horseradish peroxidase (HRP) sys-
tems, after the substrate (Hy0,) was formed during a 10~micro-
second pulse. A new transient absorbing light at 370 nm was < |
discovered by this technique. Subsequently this transient was also
scen in flow experiments when H,0, and HRP were mixed alone.
At present the transient is being studied in the prescnce of tert-
butyl alcohol, a convenient radical scavenger.

Preliminary experiments with the lactate— pyruvate— L -lactic
dehydrogenase system have shown that the substrate (pyruvate)
can he produced easily from D-lactic acid by radiation. The D-
lactic acid does not react with L-lactic dehydrogenase and hence
is a good source for rapid synthesis of pyruvate via the lactic
acid radical. Future plans include a systematic study of this sys-
tem including the cofactor nicotinamide adenine dinucleotide
(NADY). The free lactate radical is found to bring about conversion
of the reduced form NADH to NAD™ in the presence of molccular

oxygen.

PUBLICATION

Bielski, B. H. J., D. A. Comstock, and R. A. Bowen, Ascorbic
Acid Free Radical. 1. Pulsc Radiolysis Study of Optical Absorp-
tion and Kinetic Properties, J. Amer. Chem. Soc., 93: 5624
(1971).

03:104 PULSE RADIOLYSIS OF DNA AND DNA CONSTIT-
UENTS. Holroyd, R. A. (Brookhaven National Laboratory,
Chemistry Department).

The technique of pulse radiolysis is being utilized to follow the
chemical alterations that DNA in aqueous solution undergoes fol-
lowing a pulse of radiation. Both solvated electrons and hydroxyl
radicals react rapidly with DNA to form radicals. The subsequent
reactions of these DNA radicals are being explored. Two of the
most important changes of interest are protection and sensitiza-
tion. The conversion of a DNA base radical back to the intact
base is classified as a type of protection. Current studies are
concerned with the mechanism of sensitization of DNA by bromo-
uracil. It is known from molecular studies that electron transfer
from thymine to bromouracil occurs in a diffusion-controlled
reaction. The electron on bromouracil causes dissociation of
bromide, leaving a very reactive uracil radical which, it is
postulated, will abstract from the deoxyribose to cause strand
breaks. The results obtained for a solution of DNA in which all
the thymine has been replaced by bromouracil are very similar to
the results obtained with DNA. In both cases the electron reacts
with the DNA to form free radicals that have lifetimes in the
range of seconds; however, the anticipated rapid electron transfer
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to bromouracil is not observed. Further investigation will eluci-
date the nature and reactions of DNA radicals formed by clectron
attachment.

03:1056 ESR STUDIES OF INORGANIC RADICALS. VIFessenden, -
R. W.; Behar, D.; Samuni, A,; and Chawla, O. P. (Carnegic-
Mellon University, Radiation Rescarch Laboratories, 4400 IPifth
Avenue, Pittshurgh, Pennsylvania 15213),

ESR methods are being used to study inorganic radicals in
aqueous solution with both radiolysis and photolysis for radical
generation. Emphasis is upon kinetic and mechanistic aspects and
parallel pulsc radiolysis cxperiments are being carried out where
profitable. Direct observation of the radical intermediates is pre-
ferred as hus been possible with SO7, I"O%', HPO:T, and several
other radicals that can be formed both from radiolytically pro-
duced OH and photolytically. Where such direct experiments are
not possible, radical trapping with CH,;=NOj; is uscd to convert
the radicals (R) to a more readily observed form (RCH,NO3). A
large number of radicals, including the interesting species Ny
formed from azide, have been studied in this way. Other studies
include those of the peroxy radicals formed from transition
metal—H,0, complexes and the reactions of CN™ and HCN in irra-
diated solutions. Extensions of these studies are in progress.

PUBLICATIONS

Bcehar, D., and Richard W. Fessenden, An Investigation of Radicals
Produced in the Photolysis of Thiosulfate Solutions by KSR, J.
Phys. Chem., 75: 2752 (1971).

, and Richard W. Fessendcn, ESR Studies of Inorganic

Radicals in Irradiated Aqueous Solutions. 1. Direct Observation,

J. Phys. Chem., 76: 1706 (1972).

, and Richard W. Fesscnden, ESR Studies of Inorganic

Radicals in lrradiated Aqueous Solutions. TI. Radical Trapping

with Nitromethane, J. Phys. Chem., 76: 1710 (1972).

03:106 ESR STUDIES OF RADIATION-PRODUCED RADICALS.
Fessenden, R. W.; Schuler, R. H.; and Neta, P. (Carnegic-Mellon
University, Radiation Research Laboratories. 4400 Fifth Avenue,
Pittshurgh, Pennsylvania 15213). .

Previous work in these laboratories has shown that the in situ
radiolysis of flowing aqucous solutions is a practical and con-
venient means of producing radicals for ESR studies. Current
applications emphasize mechanistic and structural aspects. The
specificity of ESR spectra is being uscd to provide radical identi-
fications for those studying related systcms by other means such
as pulse radiolysis. Examples are the reactions of eaq with

nitrites to form RC=N and with olefinic and aromatic compounds
to form anion radicals. Because minor changes in radicals are
readily detected by their effect on the spectra, studies of the
equilibria and kinctics of acid dissociations arc possible and are
receiving considerable attention. This radiolytic method of
radical generation has also been used to produce radicals for
structural studies by means of 3C hyperfine splittings both in
enriched compounds and at the natural abundance level.

PUBLICATIONS

Eiben, K., and Richard W. Fessenden, ESR Studics of Transient
Radiculs in Aqueous Solutions, J. Phys. Chem., 75:- 1186
(1971).

Neta, P., and Richard W. Fessenden, Reaction of Nitriles with
Hydrated Electrons and Hydrogen Atoms in Aqueous Solution as
Studied by ESR, J. Phys. Chem., 74: 3362 (1970).

, and Richard W. Fesscnden, Electron Spin Resonance

Study of Radicals Produced in Irradiated Aqueous Solutions of

Amines and Amino Acids, J. Phys. Chem., 75: 738 (1971}.

, and Richard W. Fessenden, Electron Spin Resonance
Study of Radicals Produced in Irradiated Aqueous Solutions of
Thiols, J. Phys. Chem., 75: 2277 (1971).

Lavoff, Gary P., and Richard W. Fessenden, 3¢ Hyperfine Interac-
tions in Radicals from Some Carboxylic Acids, J. Chem. Phys.,
55: 5000 (1971).

03:107 APPLICATION OF ESR METHODS TO REACTION
KINETIC STUDIES. Fessenden, R. W.; Schuler, R. H.; Neta, P.;
and Behar, D. (Carnegie-Mellon University, Radiation Research
Laboratories, 4400 Fifth Avenue, Pitisburgh, Pennsylvania 15213).
Both steady state and time-resolved ESR methods are being
developed to examine the reaction kinetics of radical intermediates
present in the radiolysis of aqueous solutions. To date attention
has been focused on determining the rate constants for reaction of
H atoms with various organic substrates. The method used involvec



RADIATION CHEMISTRY: AQUEQUS

a comparison of the signal intensity at steady state in the presence
and absence of solute with the relative signals being controlled by
the rate of the chemical reaction and decay of the chemically in-
duced electron spin polarization. Some 200 rate constants have
been measured and general patterns established for H atom reac-
tions that allow predictions of reactivity to be made. These rate
constants are, of course, of considerable importance in the design
of any experiment involving H atoms. Work is in progress toward
extending aspects of this approach toward measurements of other
small radicals such as CF;. Parallel work is being carried out
toward direct measurements of reaction rates via time-resolved
ESR spectrometry.

PUBLICATIONS

Neta, P., and Robert H. Schuler, Rate Constants for Reaction of
Hydrogen Atoms with Aromatic and Heterocyclic Compounds.
The Electrophilic Nature of Hydrogen Atoms, J. Amer. Chem.
Soc., 94: 1056 (1972).

, and Robert H. Schuler, Rate Constants for Reaction of

Hydrogen Atoms with Compounds of Biochemical Interest,

Radiat. Res., 47: 612 (1971).

, Richard W. Fessenden, and Robert H. Schuler, An Elec-

tron Spin Resonance Study of the Rate Constants for Reaction of

Hydrogen Atoms with Organic Compounds in Aqueous Solution,

J. Phys. Chem., 75: 1654 (1971).

03:108 RADIATION CHEMICAL STUDIES ON SYSTEMS OF
BIOCHEMICAL INTEREST. Neta, P. (Carnegie-Mellon Uni-
versity, Radiation Research Laboratories, 4400 Fifth Avenue,
Pittsburgh, Pennsylvania 15213).

Both electron spin resonance and pulse radiolysis techniques
have been applied to the study of the radiolysis of compounds of
biological significance, including amino acids and peptides,
sulfur compounds, pyrimidine bases, halouracils, pyridinium
compounds, and others. ESR studics have identified the radicals
produced by the reaction of amino acids and dipeptides with e,
(causing deamination), with H and OH (resulting in H abstraction
from CH), and with O™ (abstracting H from NH also). Pyrimidine
bases have been found to add OH to either position 5 or 6. The
initial adducts undergo consequent changes, which in the latter
case result in ring opening. Some electron adducts of the pyrimi-
dines have been observed by ESR, but the clectron adducts of
5-bromo- and 5-chlorouracils have been found to undergo rapid
dehalogenation. Dehalogenation of bromo-, chloro-, and {luoro-
uracils is efficiently caused by the radiation of OH with these
compounds, the yields being determined by product analysis, the
kinetice followed by pulse radiolysis and the resulting radicals
identified by ESR. Pulse radiolysis and ESR studies have also
revealed the difference in reaction mechanism of O~ as compared
to OH and the unique use of O7 for the production of some specific
radicals has been pointed out and is being explored. Radicals
produced from pyridine and pyridinium derivatives, including
NADT, are currently being studied by ESR.

PUBLICATIONS

Neta, P., and Richard W. Fessenden, Electron Spin Resonance
Study of Deamination of Amino Acids by Hydrated Electrons,
J. Phys. Chem., 74: 2263 (1970).
, Electron Spin Resonance Study of Radicals Produced in
Irradiated Aqueous Solutions of Uracil and Related Pyrimidines,
Radiat. Res., 49: 1 (1972).
, Morton Z. Hoffman, and M. Simic, Electron Spin Resonance
and Pulse Radiolysis Studies of the Reactions of OH and O~
Radicals with Some Organic Compounds, J. Phys. Chem., 76:
847 (1972).

03:109 MICELLES AS SIMPLE MODEL SYSTEMS FOR RA-
DIATION AND PHOTOCHEMISTRY IN BIOLOGICAL ENVIRON-
MENTS. Patterson, L. K. (Carnegic-Mellon University, Ra-
diation Research Laboratories, 4400 Fifth Avenue, Pittsburgh,

Pennsylvania 15213).

In order to study some effects of the biological environment on
various kinetic processes in radiation and photochemistry we have
chosen to consider micelles as appropriate preliminary model
systems. These systems provide regions of quasi-ordered hydro-
carbon environments as well as interfacial regions hetween the
hydrocarbon and aqueous phases. Distribution of a substrate
among these regions and the aqueous phase has been shown to
strongly affect reactivities of the substrate toward the primary
radicals ezq,OH, and ‘H. Both enhancement and retardation of
rate constants relative to measurements in aqueous solution have
been observed. Present investigations are directed at relating
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such effects to specific interaction between micelles and various
functional groups. Also, it has been found that several radiation-
induced chain reactions are affected by the presence of micelles
even when initial radical formation is not. For example, formation
of micelles from a surfactant having (CH;);N* as a surface active
group may be shown to enhance chain reactions involving cytosine
and cytodine.

Micellar studies have also been conducted on kinetics of excited
hydrocarbon singlet statcs. These also show that specific micelle—
hydrocarbon interactions affect reactivity toward quenchers in the
bulk aqueous phase as well as energy transfer and excimer forma-
tion. This work, in which simple substrates have been used, is
meant to provide a basis for understanding effects observed as we
move to incorporate more complex molecules >f biological irn-
portance into the micellar systems.

PUBLICATIONS

Fendler, J. H., E. J. Fendler, G. Bogan, L. K. Patterson, and
K. M. Bansal, Steady State and Pulse Radiolysis Studies of Cly.
Reactivity in Micellar Systems, Chem. Commun., 14 (1972).

Fendler, Janos H., and Larry K. Patterson, Micellar Effects on
the Reactivity of Hydrated Electron with Benzene, J. Phys.
Chem., 74: 4608 (1970).

Bansal, K. M., E. J. Fendler, J. H. Fendler, and L. K. Patterson,
Reactions of Hydrated Electrons, Hydrogen Atoms, and Hy-
droxyl Radicals in Micellar Systems, Int. J. Radiat. Phys.
Chem., 3: 321 (1971).

Patterson, L. K., Krishan M. Bansal, and J. H. Fendler, Pulse
Radiolytic Investigations of Hydroxyl Radical Reactivities in
Micellar Solutions, Chem. Commun., 152 (1971).

03 7.c PULSE RADIOLYSIS STUDIES. Patterson, L. K.;
Behar, D.; and Schuler, R. H. ({Carnegie-Mellon University,
Radiation Research Laboratories, 4400 Fifth Avenue, Pittsburgh,
Pennsylvania 15213).

A conventional pulse radiolysis apparatus capable of observing
intermediates on the time scale of 0.1 psec and longer has been
interfaced with a PDP-8 data processor for data accumulation,
data processing and feedback control of the experiment. Auto-
matic scan of spectra is provided. Detailed studies are being
carried out on the intermediates present during radiolysis of
aqueous solutions of both inorganic and organic solutes. In many
instances it is possible to correlate these pulse radiolysis studies
with related ESR work being carried out in these same laboratories.
For example, examination of the spectrum resulting from OH at-
tack on 5-fluoro-, 5-chloro-, and 5-bromouracil shows the pro-
duction of a common radical as is confirmed by the ESR obscrva-
tions. It is suggested that this radical is rapidly produced from
the initial OH adduct by loss of HX. The capability of data ac-
cumulation as provided by the direct interface with the processor
greatly cnhances the versatility of this equipment and this versa-
tility will be enhanced even more in the near future by the acquisi-
tion of a Biomation 2000 channel sample and hold unit. Many dif-
ferent types of systems are being examined with emphasis being
on studies involving the nature and reaction kinctics of inter-
mediates produced by -OH and €3q reactions.

PUBLICATION

Behar, D., Pulse Radiolysis Studies on Br~ in Agueous Solution:
The Mechanism of Br, Formation, J. Phys. Chem., 76: 1815
(1972).

03:111 RADIATION CHEMISTRY OF AQUEOQUS SOLUTIONS
OF ORGANIC HALIDES. Schuler, R. H. {Carnegie-Mellon Uni-
versity, Radiation Research Laboratories, 4400 Fifth Avenue,
Pittsburgh. Pennsylvania 15213).

Both ion selective electrode and pulse conductivity methods
provide a very sensitive way of examining the radiation chemistry
of aqueous solutions of organic halides. Direct determination of
halide ion production by the former method makes available in-
formation on the overall chemical reaction whereas the pulse ap-
proach makes it possible to examine intermediate production on
the microsecond to millisecond time scale. It has been shown,
for example, that methyl chloride reacts rapidly with .4 to pro-
duce a C1™ ion within microseconds and that CF3Cl undergoes a
similar reaction followed by hydrolysis of the CF; radical on a
time scale longer than milliseconds. Reaction of ey, with
CF,CICOOH initially produces the radical «CFZCOO%I (which can
be seen in related ESR studies), and this radical also subsequently
hydrolyzes completely. Currently we are exploring the reaction of
OH with halogen-substituted olefinic compounds.
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Balkas, Turgut 1., J. H. Fendler, and Robert H. Schuler, The
Radiation Chemistry of Aqueous Solutions of CFClj3, CF,Cl,, and
CF¥F4Cl, J. Phys. Chem., 75: 455 (1971).

, J. H. Fendler, and Robert H. Schuler, Radiolysis of
Aqueous Solutions of Methyl Chloride: The Concentration De-
pendence for Scavenging Electrons Within Spurs, J. Phys. Chem.,
74: 4497 (1970).

Asmus, K.-D., W. Grunbein, and J. H. Fendler, Conductometric
Pulse Radiolysis of Sy in Aqueous Solutions; Rate of Hydrolysis
of 8Fy, J. Amer, Chem. Soc., 92: 2625 (1970).

03:112 APPLICATION OF LIQUID CHROMATOGRAPHIC
METHODS TO THE STUDY OF THE RADIATION CHEMISTRY OF
AQUEOQUS SOLUTIONS. Schuler, R. H. and Bhatia, K. (Carnegie-
Mellon University, Radiation Research Laboratories, 4400 Fifth
Avenue, Pittsburgh, Pennsylvania 15213).

To date chromatographic methods have been applied only
sporadically to studies of the radiation chemistry of aqueous
solutions, largely as a result of limitations imposed by sensi-
tivity requirements. The recent development of very sensitive
high-speed liquid chromatographic methods offers considerable
promise for the examination of radiation products produced in
dilute solutions of organic substrates. We have demonstrated that,
in appropriate systems, products can be resolved and are guan-
titatively measurable on the submicromolar level. For example,
studies of the radiation chemistry of 107¢ M solutions of p-
bromophenol! can be readily carried out at dose levels of ~100
rads. It has been shown that in this system reaction of the hy-
drated electrons provides a source of the p-hydroxyphenyl radical.
A detailed study of the rates for reaction of this radical with
various secondary solutes is in progress and should provide very
much needed basic information on the reactivity of aromatic vadi-
cals. Adaptation of the chromatogvaphic methods currently being
developed is expected to provide information on the formation of
products in systems that cannot be examined by more conventional
approaches.

03:113 RADIATION CHEMISTRY OF ORGANIC COMPOUNDS
OF NITROGEN. Garrison, W. M. (Lawrence Berkeley Labora-
tory, Nuclear Chemistry Division).

The purpose of this program is to determinc the detailed reac~
tion mechanisms involved in the action of high-cnergy radiation on
organic compounds of nitrogen in aqueous solution and in the solid
state. The radiation chemistry of such systems is of considerable
intrinsic interest from the strictly physicochemical standpoint and
also has important applications in other arcas of radiation re-
scarch such as: radiation-chemical synthesis and modification of
nitrogenous organic chemicals and fibers, radiation preservation
of foods and drugs, and in the elucidation of the basic mechanisms
of radiobiology.

Primary emphasis in the present program is given to organo-
nitrogen compounds of biochemical intcrest. Substances under
investigation include: amines, acylamines, amino acids, peptides,
polypeptides, pyrimidines, and purines. The cxperimental ap-
proach is based on the concept that detailed reaction stoichi-
ometries are reqguired in the elucidation of the complete reaction
mechanisms. Numerous microanalytical procedures have been
developed over the past years for the determination of inorganic
and organic products formed in the radiolysis of organonitrogen
compounds. The methods include techniques of mass spectrom-
etry, infrared spectrometry, gas and vapor phase chromatography,
ion-exchange chromatography, solvent chromatography, ESR
s;)ectroscopy, and radiometric procedures involving the use of
Y¢-1abeled organic compounds. Through applications of these
techniques we are determining the respective roles of ionic, free
radical, and cxcited-molecule resctions that arve involved in the
radiolysis of the organic compounds of nitrogen.
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Aqueous Solution Containing Oxygen, J. Phys. Chem., 74: 4506
(1970).

03:114 ELECTRONIC PROCESSES IN PULSE-IRRADIATED
AQUEOUS AND ALCOHOLIC SYSTEMS. Hamill, W. H.; Fisher,
M. M.; and Khorana, S. (University of Notre Dame, Radiation
Laboratory).

The objective of this work is to test the dry electron model for
the radiolysis of water by observations at times =107% s to sup-
port inferences applicable to times =107 5. The primary species
are considered to he HyO*, HyO*, and e~, which quickly generate
H, OH, H30%,, and eiq, which then react further. Alcoholic sys-
tems are rather analogous. High concentrations of anions are used
to transfer an electron to H,O" before hydration, and this prevents
formation of H;O%, H, and OH. An increased yield of hydrated
electrons is expected by the theory and we have observed such an
increase. The hypothctical dry electron, ¢, should be physically
and chemically distinguishable from the hydrated electron, eg._q,
and this is supported by experimental gvidence as follows. The
yield of Cl; in =1M NaCl is increased at 5 % 107% s in solutions to -
which NyO has been added. We interpret this as indicating a pro-
duction of C17#, which has H,O* as precursor, and the obscrved
vield is G = 1. At concentrations of I” and Br™ = 1M, appreciable
vields of I3 and Brj are found at 107% s, indicating spur rcactions,
but in 4 to 8M LilI and LiBr aqueous glasses at 77°K the trihalides
are formed in very small yields. Since the spur reaction is de-
creased in the glasses, it can be taken as an indication of an in-
crease in spur size brought about by efficient positive hole migra-
tion in the solid state. This hypothesis will be investigated more
fully. Further effort is required to substantiate the existence of
H,0*.
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the Radiolysis of Water, J. Phys. Chem., 74: 3914 (1970).
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03:115 RADIOLYSIS OF LIQUIDS AT HIGH PRESSURES.
Hentz, R. R.; Farhataziz; and Hansen, E. M. (University of Notrc
Dame, Radiation Laborutory).

The radiolysis of liquids produces transient species (electrons,
ions, excited states, free radicals) the clementary reactions of
which determine the radiation chemistry of the liquid. An insight
irto the nature and behavior of such transicent species is obtainable
by study of the pressure dependence of their reaction rates and
spectra. For such a purpose, earlier studies of the y radiolysis
of liquids at high pressures are being extended with a recently
developed system for study of the pulsc radiolysis of liquids with
optical detection at pressures up to 7 kbar. The system has been
used for determination of the pressure dependence of (1) the
optical absorption spectrum of the hydrated electron, (2) the
absolute specific rates of eleven diffusion-controlled reactions of
the hydrated electron, and (3) absolute specific rates of six
hydrated clectron reactions not controlled by diffusion. The re-
sults give definitive values for the partial molal volume and cavity
volume of an electron in water and provide evidence for com-
pressibility of the cavity. A similar study of H atom reactions in
water that are and are not diffusion-controlled is in progress, and
a study of OH reactions is planned. Pressurc dependence of
optical absorption spectra and specific reaction rates of solvated
electrons in ammonia and other liquids will be examined in future
work. Comparison of the results with those obtained for the hy-
drated electron should contribute to the elucidation of electron
solvation.
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03:116 RADIATION AND PHOTOCHEMICAL STUDIES ON THE
KINETIC EFFECTS OF MICELLE SOLUBILIZATION. Thomas,
J. K.,and Wallace, Stephen C. (University of Notre Dame, Radia~
tion Laboratory).
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Laser flash photolysis and pulse radiolysis techniques have been
used to study the effect of solubilization in the micellar pseudo-
phase on the kinetic behavior of ionic and neutral species. Typi-
cally, a selected polyacene, such as pyrene, is solubilized in water
by means of a surface active agent, in which the hydrophilic group
may be cationic, anionic, or nonionic (such as polyoxyethylene
derivatives). In the laser studies, the pyrene is excited with a
«short pulse of light to give the singlet excited state, which is ob-
served by nanosecond emission or absorption spectroscopy.
Specific rates of quenching are dramatically affected by the
charges on both surfactant and quencher or, in the case of a neutral
quencher, by its hydrophilic or hydrophobic tendencies. At the
high intensities of exciting light available in these laser photolysis
studies, a significant photoionization of the solubilized hydrocarbon
is observed, producing hydrated electrons in the bulk of the liquid.
A comparison of the rates of fluorescence quenching and electron
scavenging following excitation provides additional information on

" the mechanism of fluorescence quenching.

In the pulse radiolysis studies hydrated electrons are produced
directly in the aqueous phasc, and are then observed to react with
the solubilized hydrocarbon. Measurements have been made on the
rate of formation of the anions of pyrene and biphenyl in these
systems, these rates showing acceleration or inhibition compared
to the bimolecular rate measured in pure water itself, depending
on the charge of the surfactant.

03:117 THE RADIATION CHEMISTRY OF AQUEOUS SOLU-
TIONS. Sworski, T. J. (Oak Ridge National Laboratory, Chem-
istry Division).

The primary objective is to determine the elementary processes
in the spur (the region of concentrated energy deposition) when
80Co gamma radiation interacts with aqueous solutions. The gen-
eral approach is a determination of the yield of products that
escape by diffusion from the spur into the bulk of the solution as a
function of solute concentration. The approach is indirect; the
nature and reactions of the intermediates are induced by chemical
intuition through the use of chemical kinetics. Currently, advanced
computational methods are being used to solve the kinetic equations
for the radiolysis of cerium(IV)— cerium(lIl}—formic acid mixtures
in 4.0M sulfuric acid solutions to determine both Goy and Gso; and
in 4.0M nitric acid solutions to determine both Gow and Gnoy . Gou
is proportional to the electron fraction of water. The high values
for Guno, and Gyoj in 4.0M nitric acid solutions suggest the pos-
sible role of excited states of nitrate ion and/or water. Therefore,
the studies in nitric acid solutions will be extended to include the
determinations qf GHNO,, GH,IOZ, Gon, and Gnoj as a function of
nitric acid concentration. Concomitant studies in the photolysis of
cerium(IV)-- cerium(IlI)— formic acid mixtures in nitric acid solu-
tions will be conducted to reveal the role of excited states of ni-
trate ion. Studies in concentrated halide ion solutions are planned.
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Studies of the interactions of ionizing radiation with gases.

03:118 PULSE RADIOLYSIS OF GASES.
M. Jr.; Mulac, W.; Cooper, R.; and Cummings, J.
tional Laboratory, Chemistry Division).

Gordon, S.; Sauer,
(Argonne Na-,
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Using fast reaction techniques (principally spectrophotometric)
and pulsed radiolysis, we ave engaged in assessing the role of
ions, excited states, and radical species in reactions produced by
irradiating gases with high-energy electrons. Specific investiga-
tions include:

1. We are continuing our studies of ion recombination and ex-
cited statc formation in the pulse radiolysis of gaseous systems
(M. Sauer and W. A, Mulac). Emphasis is currently being placed
on the determination of chemical yields (G-values) of excited
states. These meuasurements are of fundamental significance
since they will experimentally establish the extent of direct ex-
citation by high-energy electrons and might provide information
on the importance of sub-excitation electrons. Measurement of
these G-values is also important with respect to the production of
excited states in ion-recombination processes. In addition to its
interest to radiation chemistry, this information should be of value
to plasma physics studies.

2. The formation of OH radicals produced in the pulse radiolvsis
of water vapor and the subsequent reaction of this radical with
various inorganic and organic gases is being studied (S. Gordon,
W. A. Mulac). In addition to their importance in radiation chem-
istry, these studies are of interest in the general field of reaction
kinetics and air pollution.

3. Reactions of H atoms produced by the pulse radiolysis of
mixtures of hydrogen and inorganic gases are being investigated
by observing the growth of the hydrogen-containing intcrmediate
produced using {ast spectrophotometric techniques (R. Cooper and
J. Cummings).
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03:119 PHYSICAL AND CHEMICAL FACTORS INVOLVED IN
AEROSOL FORMATION. Hart, E. J.; Matheson, M. S.; and
Schmidt, K. H. (Argonne National Laboratory, Chemistry
Division).

An apparatus for studying the physical and chemical processes
occurring in water-saturatced polluted atmospheres has been devised.
After irradiation of the gases by light or ionizing radiations,
aerosol particles develop from the sub-microscopic condensation
nuclei formed from the pollutants during a 0.5- to 1.0-second ex-
pansion cycle. The density of the cloud of particles formed during
the expansion is monitored by a photomultiplier sensing the in-
tensity of scattered light. This technique offers a method for ob-
taining the size and number distribution of the condensation nuclei
in the range below 100 A diameter. Pollutants such as carbon
monoxide and hydrocarbons have a profound effect on the number
of condensation nuclei formed as well as on the rate of develop-
ment of the resulting aerosol. The effect of physical variables
such as temperature, humidity, gas pressure, expansion rate, and
time of reaction on aerosol formations in SO, and organically
polluted atmospheres is now under study. The chemical factors will
be investigated by studying the effects of the primary pollutants
(80O,, NO, NO,, CO, O;, CHy, and other organic molecules) on the
size and number of particles formed. Tritiated water, pulsed 600~
Kv electrons, light, and ozone will be used to generate the con-
densation nuclei. For selected systems an analysis of products
will also be made.

03:120 INFRARED SPECTRA OF RADIOLYTIC INTER-
MEDIATES IN THE GAS PHASE. Schwarz, H. A. (Brookhaven
National Laboratory, Chemistry Department).

This program is designed to measure infrared spectra of ions
and radicals produced by electron irradiation of argon containing
small.amounts of various additives. Infrared spectra would be
useful for identification of intermediates and for unraveling their
structures. The primary action of the radiation will be on the
argon and subsequent collisions will produce ions and radicals
from the additives. The technique to be used is similar to the
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photochemical molecular modulation method developed by H. S.
Johnston. The sample will be irradiated with a repetitively pulsed
electron beam and the infrared transmission will be measured for
a few hundred microseconds before and after the pulse. The sig-
nals from a large number of pulses will be averaged to obtain the
absorption at each wavelength. The signal averaging will allow
measurement of absorbance changes as small as one part in 10°
and, in combination with a 50-meter light path, should allow mea-
surement of spectra of the longer-lived ions. At present, the
optical components and infrared detector have heen ordered and
the irradiation cell is being designed.

03:121 ELECTRON REACTIONS IN THE GAS PHASE. Fes-
senden, R. W, (Carnegie-Mellon University, Radiation Research
Laboratories, 4400 Fifth Avenue, Pittsburgh, Pennsylvania 15213).

A microwave conductivity detector is being used in conjunction
with pulse radiolysis for studies of electron reaction with various
attaching gases. Data taking is facilitated by the use of an on-line
digital computer. Studies of the kinetics of both three-body and
two-body attachment have been made. Examples of compounds
displaying the former behavior are O, and N,O, both pure and in
the presence of various additives, while the latter behavior is gen-
erally found for halides. The wide range of attachment rates is
reflected by the rate constants for CF (<1071 and cyclo-C4J.
(1077 cm™% molecule™! sec™!). Studies are underway to determine
what structural features are correlated with high rate constants
and of molecules such as perfluoropropylene which show a tran-
sition from three- to two-body behavior as a function of added
bhuffer gas.
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03:122 RADIATION CHEMISTRY OF HYDROCARBON AND
ALKYL HALIDE SYSTEMS. Hanrahan, Robert J. (University of
Florida, Department of Chemistry, Gainesville, Florida 32601).

Research in progress in the Radiation Chemistry Laboratory at
the University of Florida is directed toward the identification and
characterization of the primary physical and chemical processes,
as well as the secondary chemical reactions, which lead to forma-
tion of the observed stable products in the radiolysis of simple
chemical systems. An additional goal is the investigation of the
relationship between the decomposition mechanism of chemical
substances initiated by gamma radiolysis and by other types of
activation including photolysis, glow discharge reactions, and
electron bombardment in the mass spectrometer. The systems
under investigation include hydrocarbons and alky!l halides (es-
pecially perfluorocarbons) as well as their binary mixtures. In-
vestigations in progress include the radiolysis of pure ethyl bro-
mide in the gas phase, the radiolysis of gaseous mixtures of
ethane and hexafluoroethane, and the rare-gas-sensitized decom-
position of perfluorocarbons, using He and Ar metastable atoms
generated in a glow discharge. Further studies are concerned
with the gamma radiolysis of gaseous perfluorocyclobutene, with
the high-pressure mass spectrometry of perfluoroalkyl iodides,
and with ion— molecule reactions in fluorocarbon— hydrocarbon
mixtures as studied by mass spectrometry. We expect to under-
take studies of the vacuum ultraviolet photochemistry of fluoro-
carbons and of fluorocarbon—hydrocarbon mixtures in the near
future.
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03:123 THE RADIOLYSIS OF WATER IN A WIDE-RANGE
RADIOLYSIS SOURCE. Melton, Charles E. (University of
Georgia, Chemistry Department, Athens, Georgia 30601).

Many chemical and physical changes are produced by the inter-
action of ionizing radiation with a system. The present research
program was initiated to obtain detailed experimental and theo-
retical results that would provide a basis for understanding these
radiation-induced changes. The experimental technique for study-
ing elementary reactions involved the use of a wide-:ange ra-
diolysis source attached to a research mass spectrometer. With
this apparatus, a step by step analysis of the elementary reactions
can be made beginning at the time the individual molecules absorb
cnergy from ionizing radiation and continuing until the final changes
occur. Water was selected for study because of its importance in
biological and aqueous systems. Electrons (g particles) and o
particles were used as the ionizing medium. Theoretical models
were to be formulated to explain the experimental results.

The primary, secondary, and tertiary stages of the gas phase
reaction mechanism involving negative ions (anions) have been
studied. Some results have been obtained for positive ions
(cations) and frce radicals of the primary stage. The tertiary
stage of the anion process involves the formation of OH™H,0
which has a bond dissociation energy of 1.1 ¢V and an inter-
molecular distance of 1.21 &, Future studies will involve the
subsequent reactions of OH H,O with HyO to form OH™(H,0),
where n =1, 2, . . .? Trace amounts of radiolysis products such
as O, and H, and scavengers such as NO will be introduced to de-
termine the cffect on the negative ionic complexes.

The sccond aspect of future work will involve a study of the
charge neutralization reactions of the type H,0" + ¢ — products.
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03:124 CHEMICAL EFFECTS AND PHYSICAL PARAMETERS
IN HEAVY ION AND FISSION RECOIL TRACKS. Meisels, G. G.
(University of Houston, Department of Chemistry, Houston, Texas
77004).

The chemical effects of heavy ions and particulary those brought
about by fission recoils are usually expected to be similar to
those induced by gamma rays or by high-energy electrons. How-
ever, the physical conditions within the heavy ion track are poorly
understood, and effective concentrations of reactive intermediates
and particularly track temperaturcs are not known. We are at-
tempting to provide this information by using competition kinetics
with cognizance of the complications introduced by diffusion out
of the inhomogeneous distribution of primary species in the track.
The first objective is the assignment of effective radical and ion
concentration in gases as a function of density; this is achievable
through analysis of products formed by free radical reactions in
ethylene in the presence of radical scavengers, and of products
arising from charge transfer which compete with ion— molecule
addition reactions. A further step will be the determination of
effective temperatures by investigating competitive reactions
where the difference in activation energies is known. An impor-
tant aspect of the investigation is the variation of gas density; at
very low densities the system should simulate a conventional,
low-dose-rate homogeneous experiment, while at higher pressures
diffusion and track effects, as well as association, quenching and
other pressure-dependent reactions, should set in. A simple
model based on average concentration has been developed and is
proving to be a good guide to further analysis.

PUBLICATION

Meisels, G. G., C. T. Chen, B. G. Giessner, and R. H. Emmel,
Energy Deposition Functions in Mass Spectrometry, J. Chem.
Phys., 56: 793 (1972).



RADIATION CHEMISTRY: GASEOUS

03:125 MECHANISM OF ION FORMATION BY HIGH-ENERGY
RADIATION FROM PRECISE MEASUREMENTS OF W. Meisels,
G. G. (University of Houston, Department of Chemistry, Houston,
Texas 77004).

Attempts to extrapolate the results of radiation chemical
studies at low pressures to densities of greater interest in po-
tentially practical systems require knowledge of the effect of
collision frequency on competitive first order reactions. While
the pressure dependence of fragmentation processes at low in-
ternal energies is relatively well understood, the effect of pres-
sure on the fate of species excited to energies beyond the lowest
ionization potential is not well known. Yet these are the pre-
dominant primary intermediates in radiation chemistry. We are
attempting to obtain evidence for the competition between auto~
ionization and dissociation of deactivation of superexcited states
by making highly precise measurements of energies required to
form an ion pair in gases at temperatures up to 200°C and pres-
sures to about 20,000 torr. At the same time, precise values ¢f a
fundamental physical quantity important to the interpretation of
radiation chemistry, W values, are provided. In simple hydro-
carbons up to heptanes, there is no evidence for the participation
of autoionizing states with lifetimes in excess of 10710 sec; in
alcohols only an upper limit of 1% can be set because of the
existence of severe experimental complications and artifacts. We
expect to pursue this problem by providing precise measurements
in other systems over a similar range of conditions, and by con-
struction of a new device that should permit a reduction in
artifacts and the use of higher pressures.
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03:126 YIELDS AND REACTIONS OF TONS PRODUCED BY
HIGH-ENERGY RADIATION. Meisels, G. G. (University of
Houston, Department of Chemistry, Houston, Texas 77004).

The formation of ions in large abundances is one of the most
unusual aspects of radiation chemistry; the ensuing ion chemistry
is therefore of greatest interest. Consequently, we are investi-
gating the modes of formation, the individual reactions, and the
final products formed by reactions of ions in the gas phase. We
produce ions using a 1.5-MeV electron accelerator, and vacuum
ultraviolet radiation at 8.6, 10.0, and 11.6 eV, and attempt to
elucidate the structure and reactions of ions produced from hy-
drocarbons and, in the future, from polar molecules, by measur-
ing end products analyzable by gas chromatography and mass
spectrometry. Charge transfer, hydride transfer,proton transfer,
and electron attachment are used as diagnostic tools. At the same
time, rate constants for individual reactions of relatively stable
ions are evaluated as a function of kinetic energy in a mass spec-
trometer capable of operating at pressures of over 1 torr in the
ion source. A pulsed electron beam is employed and reaction
times are determined directly using a coincidence technique.
Among the current aims are an association of ion reactivity with
ion structure and the energy dependence of ion—polar molecule
reaction rates. We hope that energy-dependent competition he-
tween dipole orientation and randomization in a reaction can be
employed to assess effective track temperatures in heavy-ion
radiolysis.
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03:127 MASS SPECTROMETRY AND MOLECULAR EXCITA-
TION. Newton, Amos 8. (Lawrence Berkeley Laboratory, Nu-
clear Chemistry Division).

29

This project is a study of the excited states of ions and mole-
cules and the immediate fates of these states when various mole~
cules are irradiated with ionizing radiations. Low-energy elec-
trons are used for excitation since, with most ionizing radiations
such as y rays or fast electrons, a majority of the excitation
arises from the action of low-energy secondary electrons. Long-

~—'ed highly excited states and high-kinetic-energy ions are formed

in all radiolysis systems. At present their fates in such systems
have not been elucidated.

Recent work has been carried out on the metastable dissociation
of the CH™ ion. This ion is of great interest in fields as diverse
as radiation chemistry and astrophysics. Because of the great
difficulty of obtaining excited states of this ion for spectrographic
studies, only a few of the lower-lying excited states have been
experimentally identified. The appearance potential of thr metas-
table ion, its kinetic energy, and its kinetic energy release on
dissociation are each measured and these identify the dissociation
limit and the level of the intersystem crossing point above the
limit at which the predissociation occurs. These results can he
interpreted in terms of theoretical calculations of the expected
excited states of the ion.

Other states of ions that have been studied are those leading to
fast fragment ions with high initial kinetic energy. Most of these
arise from the fragmentation of doubly charged states of the ion
but some arise from excited singly charged states. A recent study
of the occurrence of Hy ions in the mass spectra of a wide variety
of organic compounds shows H{ to arise both from doubly and
singly charged states. The appearance potential of each of these
states can be determined. At present too little is known about the
higher energy levels of complex molecules to assign states to the
processes involved.

A second type of study is one in which long-lived excited neutral
states of small molecules are investigated. These can be investi-
gated with an electron beam crossed by a molecular beam. The
neutral excited states or their dissociation products (including
high-energy photons) can be detected by Auger electron formation
when de-excitation of the states occurs at a metal surface.
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03:128 CHEMICAL EFFECTS OF HIGH-ENERGY RADIATION.
Ausloos, P. and Sieck, L. W. (National Bureau of Standards. U. 8.
Department of Commerce, Radiation Chemistry Section, A-265
Chemistry Building, Washington, D. C. 20234.

The objective is to study ionic and neutral phenomena occurring
in the high-energy radiation of organic and inorganic molecules;
to measure rates of ion—molecule reactions and of neutralization
reactions; to determine the mechanism of homogeneous neutraliza-
tion of positive ions to establish modes of fragmentation of parent
ions and neutral excited molecules formed by electron impact and
by photon absorption.

Present and future topics to be considered are: (a) clustering
reactions of polar and nonpolar molecules with cations using a
mass spectrometric technique; (b) neutralization mechanisms in~
volving low-molecular-weight hydrocarbon ions; (c¢) determina-
tions of rate coefficients for ion—molecule interactions using a
pulse radiolysis method; (d) unimolecular fragmentation mecha-
nisms in ions and superexcited molecules using helium and neon
resonance light sources; and (e) the effects of structure, internal
energy, and density on the rates and mechanisms of ion— molecule
reactions using a combination of radiolytic, photolytic, and mass
spectrometric techniques.
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, and P. Ausloos, Ion-Molecule Reaction Chains in Iso-
butene, J. Chem. Phys., 56: 1010 (1972).
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03:129 STUDIES OF TRANSIENTS BY MEANS OF PULSE
RADIOLYSIS AND FLASH PHOTOLYSIS. Ghormley, J. A
Hochanadel, C. J.; Boyle, J. W. (Oak Ridge National Laboratory,
Chemistry Division).

To establish mechanisms of radiation-induced chemical changes

it is necessary to determine the identity, yield, and chemistry of
intermediate species. We use pulse radiolysis, and generally fol-
low the intermediates by absorption spectroscopy, although, as in
the N,— O, system, we sometimes use light emission. Because

our accelerator (Febetron) provides pulses of very high intensity,
we can work with gases, and devote most of our effort to such
small molecules as O, or NO. We are now studying the mechanisms
of O3 formation, including sensitization by N,, Ar, and He and inhi-
bition by H,;0, NH;, and SFy.

We also employ flash photolysis which sometimes offers simpler
conditions for the study of an intermediate. Thus, we are looking
at reactions of O(!D) and O,(! A) produced hy flash photolysis of O,.

An important goal in our work is the accurate measurament of
rate constants of important elementary reactions, and pulse tech~
niques often can provide the desired reactant in a system simple
enough for quantitative study. We have recently done this for the
HO, radical in the reactions HO, + HO, = H,0, + O, and HO, + OH =
Hy0 + O,.

Although our intevest in basic information dictates the use of
simple systems, we are influenced in our choice of molecules hy
the demands of technology, particularly reactors, fusion, energy
conversion, atmospheric modeling, and related areas.
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03:130 KINETICS OF IONIZING-RADIATION-INDUCED REAC-
TIONS. Firestone, Richard F. (The Ohio State University, De-
partment of Chemistry, Columbus, Ohio 43210).

Current activity includes studies of fast reactions in the pulsed-
electron-beam radiolysis of rare gases and of liguid solutions of
aleohols in alkane solvents and of the beta-ray-induced decompo-
sition of water vapor.

Objectives of the rare gas studies include elucidation of mecha-
nisms of decay of excited rare gas atoms and formation of ex-
cited metastable diatomic rare gas molccules and measurement of
the near infrared absorption spectra of thesc molecules. The
molecule-forming mechanism is complicated and involves com-
petition between radiative decay and collisional steps. Crude
molecular absorption spectra have been recorded.

Objectives of the work with liquid alkane—alcohol solutions in-
clude determination of effects of solvent— solute interactions on
the absorption spectrum and decay time of solvated electrons.
Electrons are selectively solvated by microscopic domains of
alcohol molecules. The solvated electron spectrum is unaffected
by the presence of solvent at ethanol concentrations above a few
mole percent. Effects of solvent character and of solvent— solute
interactions on the spectrum dccay rates and electronic vield are
of particular interest.

Objectives of the water vapor work include determination of the
mechanism for hydrogen atom and molecule formation. Evidence
to date indicates that hydrogen atoms are the only immediate
precursors of HD in HOH-D; and DOD—H, and that G, = Gy =
13.1 molec. /100 eV. Rate constants and Arrhenius parameters
for reactions of D and H atoms with DOD, HOH, TOD, and TOH
have becn determined recently.
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Dickey, L. C., and R. F. Firestone, The Radiolysis of Chloroform
Vapor. Effects of Phase on Arrhenius Parameters of the Hy-
drogen Atom Abstraction Reaction of Dichloromethyl Radicals
with Chloroform, J. Phys. Chem., 74: 4310 (1970).

Bishop, W. P., and R. F. Firestone, The Radiolysis of Liquid n-
Pentane, J. Phys. Chem., 74: 1425 (1970).

03:131 THE RADIATION CHEMISTRY AND MASS SPECTROM-
ETRY OF SILANES AND GERMANES. Lampe, F. W. (The
Pennsylvania State University, Department of Chemistry, Univer-
sity Park, Pennsylvania 16802).

The objectives of this program are to obtain: (1) an understand-
ing of the radiolytic behavior of silanes, germanes, and their
alkyl derivatives; (2) a mechanistic description of this radiolytic
behavior in terms of the elementary free radical and ionic reac-
tions making up the overall conversion; (3} & mechanistic under-
standing of the elementary [ree radical and ionic reactions in
terms of specific reaction rates, reaction cross sections, reac-
tion energetics, and the dependence of these parameters on reac-
tant encrgy; (4) thermochemical information pertaining to silanes,
germancs, and their alkyl derivatives.

High-pressure mass spectrometry and tandem mass spectrom-
eter studies of the ionic reactions occurring in SiHy, Si,Hg,
SiH3CH;, GeHy, and in their admixtures with CH,, NO, H,0, Ny,
C,Hy, and C,H, are planned for the immediate future. Mass spec-
trometric studies of the reactions of SiH,, SiH;, and CH;3SiH, free
radicals with themselves and with NO, H,0, CO, CO,, and un-
saturated hydrocarbons are being conducted concurrently. Also
being examined concurrently are the y radiolyses of SiH;— CH,
and SiH;— NO mixtures.
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ALSO SEE Radiation Chemistry: Other: 03:140, 03:162; Hol
Atom Chemistry: 03:201; Chemical Spectyoscopy: 03:247; Engi-
neeving Chemistry: 03:435.
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Experimental and theoretical studies of the radiation chemistry
of condensed phases including liquids (except water and aqueous
solutions), polymers, glasses, and crystals.

03:132 ELDOR INVESTIGATIONS OF RADIATION PROCESSES.
Kispert, Lowell D, (The University of Alabama, Department of
Chemistry, University, Alabama 35486).

It is the objective of this research to examine the role of a host
lattice in determining the type and yield of radicals produced by
x-irradiation of single crystals or polycrystalline material using
electron-electron double resonance (ELDOR), electron spin
resonance (ESR), and heavy atom substitution techniques, Ir-
radiated single crystals of various bromo, chloro, and fluoro
derivatives of acetamide and acetic acid have been used as models
for trapped radical —lattice interactions, Through ESR investiga-
tions it has been possible to obtain evidence for cluster formation
of radicals and to detect radical decay schemes that are dependent
on the local lattice environment around each cluster. Although the
presence of chlorine and bromine nuclei as substituents in the
radical precursors is mainly responsible for the observed lattice
dependence, these substituents have also made it difficult to
determine the complete radical decay scheme as a function of
host lattice by ESR methods. However, current investigations
have shown that the ELDOR spectrum of oriented radicals is
extremely sensitive to, enhanced by, and made simpler with the
presence of intramolecular motion, quadrupole interactions,
hyperfine anisotropy, and low observing temperatures, features
which are present for chloro-, bromo-, and fluoro-substituted
radicals. Therefore, by measuring the same radicals with
ELDOR as were previously measured by ESR, it is expected
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that the complete radical decay scheme can be determined, and
thus the radiation processes occurring in solids can be obtained.
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03:133 EFFECTS OF RADIATION UPON OPTICAL ISOMERS
OF TRIS-/ETHYLENEDIAMINE)COBALT(IIl) SALTS. Martin,
Don 8. (Ames Laboratory, Chemistry Division).

Samples of the chloride, bromide, iodide, and nitrate of D, L,
and D—L tris-(ethylenediamine)cobalt(lll) are being radiated with
Mo—Ka radiation and the gamma rays from spent fuel elements
of the Ames Laboratory Research Reactor. The rate of racemiza-
tion of the optical isomers is being measured together with the
rate of decomposition to yield Co(ll}. For comparison with
radiation--induced reactions the thermal rates of racemization of
the samples are being determined. Moderate irradiation levels
appear to cause racemization of the optical isomers before
significant decomposition of the salts. The nitrates explode above
220°C and radiation-induced changes in the sensitivity to detona-
tion are being observed. Furthermore, the x radiation produces
an organic decomposition product.

Mass spectrometry identifies this component as CyNyHg; how-
ever, there are no stable well-characterized reasonable organic
compounds with this formula so work on its identification is
underway. In any event there appears to be some rearrange-
ment of the amine groups in the ethylenediamine. Because of the
reactions of the ethylene ligands under irradiation it is planned
to study the behavior of complexes with propylene groups as well.

03:134 POLYMER STRUCTURE AND FREE RADICAL DE-
CAY. Dole, Malcolm. (Baylor University, Department of
Chemistry, Waco, Texas 76703).

One major industrial use of radiation is to improve the resis-
tance of polyethylene to deformation at elevated temperatures by
creating crosslinks in the polyethylene by radiation. The cross-
linking reaction occurs in the recombination (decay) of free
radicals. Polyethylene can exist in a number of physical forms,
single crystals, extended chain crystals, mixed amorphous, and
crystalline phases, etc., and it is of interest to determine the
amounts and rates of free radical reactions in the different
forms. The decay reaction is also catalyzed by molecular hy-
drogen; in order to study quantitatively the latter effect we have
developed a new semimicro method for determining hydrogen
solubilities in polyethylene. By interfacing a small computer
with the ESR spectrometer we can automatically integrate the
ESR signals and determine relative spin concentrations, Many
data are now being collected for polyethylene irradiated at
liquid nitrogen temperature and then allowed to warm to room
temperature where the free radicals frozen in at the low tem-
perature react rapidly, mostly to form crosslinks, but some to
form allyl-type free radicals. We are trying to determine the
location of the free radicals (i.e., whether in the crystalline or
amorphous regions), effect of hydrogen, and kinetics decay.
Data collection is almost completed, and definite conclusions
should be forthcoming soon,
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RADIATION-INDUCED GAS—SOLID REACTIONS IN
Metz, D. J.,

03:135
SOLIDS CAPABLE OF FORMIN 3 MONOLA YERS,

31

and G. Adler. (Brookhaven National Laboratory, Department of
Applied Science).

There is an important class of compounds that consists of
molecules with a long hydrocarbon backbone and a relatively
large polar group at one end. Many of these substances can
form monolayers on the surface of water. In the crystal, these
molecules associate—polar group to polar group—to form
similar layers. These layers, in turn, associate in pairs-—hydro-
carbon to hydrocarbon—to form a bilayer structure similar to
that postulated for cell membranes. The crystal structure con-
sists of stacks of these bilayers. Examples of these compounds
are fatty acids and some of their derivatives, lecithins, many
surfactants, etc,

As expected, free radicals can be found in these solids after
irradiation., It is a peculiarity of these systems that reactive
gases, such as NO, SO,, and O,, can diffuse into and through
the lattice and react with these radicals. The kinetics of the
reaction seem to be diffusion controlled, and the diffusion seems
divisible into three components: (1) along defects, (2) parallel to
the layer; and, (3) orthogonal to the layer. By using gases of
different molecular sizes it appears to be possible to react
selectively with free radicals near defects and thus determine
the distribution of radicals in the crystal. After reaction, the
shape of the ESR spectrum will give information on the freedom
of motion of molecules and thus give some insight into defect
structure, The relative ease of diffusion parallel to the layer
compared with that orthogonal to the layer has suggested some
new ideas on transport in ultrathin membranes which will be
explored.

If, after reaction, these compounds are spread as monolayers
on water, large changes in properties are observed. Stearamide
irradiated and treated with SO, shows a large decrease in break
pressure of the monolayer, followed by a subsequent increase
as radiation dose is increased. Oleamide shows a decrease in
area per molecule at break after irradiation and treatment with
0,. The effects seem rather sensitive to dose. Since, pre-
sumably, the packed monolayer has a structure similar to the
layer in the crystal, it is expected that study of these reactions
in the monolayer will give some insight into the orthogonal dif-
fusion component and, by analogy, into transport mechanisms
in ultrathin membranes.
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03:136 PROPERTIES OF ELECTRONS IN DIELECTRIC
LIQUIDS. Holroyd, R. A., and A, O, Allen. (Brookhaven
National Laboratory, Chemistry Department).

Studies of radiation-induced conductivity of dielectric liquids
have shown that details of molecular structure have an unex-
pectedly large effect on the number of free ions formed by the
radiation and on the mobility of electrons in the liquids. To
further understand this effect we are studying the photoinjection
of electrons into liquids from metal surfaces. This study enables
us to measure V,, the energy of the excess electron state, rela-
tive to the free electron in vacuo. V; is close to zero for n-
alkanes and approximately —0.5 eV for the symmetrical molecules
neopentane and tetramethylsilane. This study also provides in-
formation about thermalization distances of low-energy electrons
in these liquids. The results show that most of the range of
‘‘hot’ electrons is attained at near-thermal energies. Knowledge
of V, is necessary to a theoretical understanding of the excess
electron, and the magnitude of this term can be correlated with
mobility. The results also lead to the interesting hypothesis that
the threshold for photoionization of solutes will be different for
various solvents, being considerably red-shifted for solvents
having symmetrical molecules. Experiments are underway to
test this idea. The chemical reactions of electrons formed in
liquids by ionizing radiation are controlled by these physical
parameters. Experiments are planned for study by conductivity
methods of reaction rates of electrons with active solutes in a
range of nonpolar solvents,
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03:137 THEORY OF EXCESS ELECTRON STATES IN HY-
DROCARBON LIQUIDS. Nielsen, S, O. {Danish Atomic Energy
Commission), and A, O. Allen. (Brookhaven National Laboratory,
Chemistry Department).

The theory of excess electron states in liquid argon is well
worked out, and the mobility of the electrons has been qguantita-
tively explained. The recently discovered high-mobility electrons
in liquid hydrocarbons differ from those in argon in that the
mobility falls off with increasing electric field in argon but
remains constant to very high fields in the hydrocarbons. This
difference indicates that effective scattering centers are more
numerous in the hydrocarbon liquids, resulting in shorter ef-
fective mean free paths, which suggests in turn that the single-
scattering approximation which worked well for argon, but is
valid only if the free path is longer than the electron wave-
length, should not be used for hydrocarbons. The scattering
depends on the distribution of potentials, which depends on the
shapes and relative orientations of the molecules, A theory is
therefore being worked out in two parts. First, the distribution
of electric potentials in a hydrocarbon is calculated, The true
potential is too difficult to calculate, but, as in solid state
studies, it may be approximated by a synthetic ‘ ‘pseudopotential™
that is made to give the right results for low-energy electron
scattering in hydrocarbon gases. Second, the potential distribu-
tion is fitted into a multiple scattering theory that will lead to a
calculation of energies and mobilities for comparison with ex-
periment. Computer calculations of the pseudopotential are
under way.
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03:138 RADIATION CHEMISTRY AND PHOTOCHEMISTRY IN
THE ADSORBED STATE, Wong, P. K. (Queensboro Community
College), and A. O. Allen. (Brookhaven National Laboratory,
Chemistry Department),

When a heterogeneous system is irradiated, energy deposited
in one phase may, by various means, transfer to another phase
and produce changes there. The principles of such energy transfer
must be understood to explain and predict radiation effects in real
systems, including biological ones, Extensive work has been done
on model systems, in which gases or vapors are adsorbed on
high-surface-area mineral supports. At present, effects of ultra-
violet light (uv) and gamma rays are being compared, the par-
ticular system used being CH3;Br adsarbed on porous Vycor glass
and irradiatled at liquid nitrogen temperature. The uv energy is
absorbed by the glass and not by the CH3Br. The yield of free
CHj; radicals, determined by electron spin resonance spectros-
copy, varies with CH;Br concentration in a different way when
the system is irradiated with uv than when it is irradiated with
gamma rays. The results suggest that the less energetic excitons
produced by uv do not travel as far through the glass as the
separated electric charges or Wannier excitons produced by the
gamma rays,
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03:139 IONIC REACTIONS IN HYDROCARBONS. Schuler,
R. H., S. J. Rzad and G. W, Klein. (Carnegie-Mellon University,
Radiation Research Laboratories, Pittsburgh, Pennsylvania
15213).

Studies of the concentration dependence for the scavenging of
radiation-produced ions in hydrocarbons have provided a model
that can be used to correlate and interpret a very wide variety
of ionic phenomena. With certain assumptions, predictions of
time-~dependent phenomena can be made. These predictions
indicate that in pure hydrocarbons most ionic processes occur
on a very short time scale (<107 sec), a time scale that is just
now becoming accessible to direct observation. Chemical
methods provide an important probe of details of these ionic
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processes. We are currently exploring ion-trapping methods
particularly with a view toward examining changes in the
positive ion mobility which may be an important consequence

of secondary positive ion reactions. Such studies are, of course,
basic to obtaining an understanding of the radiation chemical
behavior of all nonpolar media.
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03:140 RADIATION-INDUCED EFFECTS IN ORGANIC
SYSTEMS. Johnsen, Russell H, (Florida State University,
Department of Chemistry, Tallahassce, Florida 32:306).

This rescarch program is aimed at elucidating the mechanisms
for the transformation of high-cnergy radiation into chemical
responses in organic systems. Of specific interest are the carly
reactions of ions, free radicals, and excited neutrals. The fol-
lowing aspects of this problem are currently under investigation,
(1) the kinetics of recombination of free radicals in crystalline
solids: Quantitative EPR studies are being conducted on amino
acids in order to gain further understanding of the proccsses
responsible for the decay of trapped free radicals. At present,
evidence points toward a defect-controlled bulk diffusion process
at 25°C, while at higher temperatures other processes scen to
intervene; (2) ion—molecule and ion—atom reactions with
emphasis on charge exchange processes at high kinetic energics.
Of special interest are the cross sections for reactions of di-
atomic molecular ions in excited electronic states with noble
gas atoms; (3) reactions of molecular ions at metal electrodes.
In an effort to better understand the effect of collecting elec-
trodes in radiolytic studies in the gas phase a tandem mass
spectrometer has been constructed, and mass-selected, energy-
controlled molecular ions can be directed against a metal target,
with subsequent energy and mass analysis. Both neutralization
and fragmentation processes have been detected and are being
studied; (4) the behavior of thermal hydrogen atoms in organic
solids. The role played by hydrogen atoms and possible pre-
cursors in irradiated organic materials remains ambiguous.
Under investigation presently are the reaction rates of H atoms
with a variety of organic solids as a function of phase, tempera-
ture, and molecular structure. Of special interest is the role
played by diffusional processes as compared to surface reactions;
and (5) the chemical effects of low-energy clectrons, Thin films
of organic solids are being subjected to electron bombardment in
the 5- to 100~eV energy range —the roles of electron trapping
and mobility are currently being investigated.
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03:141 RADIATION CHEMISTRY OF MONOSUBSTITUTED
AROMATIC COMPOUNDS. Knight, James A. (Georgia Institute
of Technology, Nuclear and Biological Sciences Division, Atlanta,
Georgia 30332),

The objective of this research program is to investigate the
radiation chemistry of monosubstituted benzenes with nonhydro-
carbon substituents. The approach is that of a detailed product
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analysis of the y-irradiated pure compound and the compound
with electron, free radical, and positive-ion scavengers and with
additives that are expected to interact with excited states. Gas
chromatography is the main analytical technique for product
analysis. Nitrobenzene and aniline were the first compounds
investigated, and the results of the studies are in press, Cur-
rently, the radiation chemistry of benzonitrile is being investi-
gated. Products identified from the y-irradiation of benzonitrile
are hydrogen, hydrogen cyanide, the isomeric dicyanobenzenes,
the isomeric cyanobiphenyls, and the isomeric dicyanobiphenyls,
Irradiations of pure benzonitrile and of benzonitrile with dif-
ferent additives will be carried out in an effort to determine the
role that renctive species, such as free radicals, ionic, and
excited species, have in product formation.
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03:142 MECHANISM OF THE DECOMPOSITION OF INORGANIC
OXYANIONS, Johnson, Everett R., William Holtzscheiter, Arnold
Francis, and Richard Rossmassler. (University of Maryland,
Department of Chemical Engineering, College Park, Maryland
20742).

The research is directed primarily toward developing an under-
standing of the mechanism of the decomposition of inorganic oxy-
anions. A f{ruitful research approach has been the study of the
isotope effect in the decomposition of these salts. Currently we
are investigating the oxygen isotope effect in the radiation-induced
decomposition of sodium nitrate. The G value ratio G(1%0)/G (!0
for sodium nitrate decomposition as a function of temperature
appears to be relatively constant over a wide range of tempera-
ture; however, G(decomposition) is quite sensitive to temperature
changes. Isotope effect studies as a function of temperature and
pressure are in progress.

Most mechanisms postulated for the decomposition of the oxy-
anions include a back reaction involving the oxygen liberated
during the decomposition and the decomposition products. If this
mechanism is really operable, then it would appear that it should
be possible to demonstrate an oxygen exchange reaction, Various
salts (nitrates, halates, etc.) are irradiated in the presence of
B0 and the resulting product examined by Raman spectra to
determine whether 30 has been incorporated into the salt. The
results to date indicate that an exchange reaction can be realized
in the nitrates, chlorates, and perchlorates.
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03:143 RADIATION-INDUCED EFFECTS IN POLYMERS AND
RELATED COMPOUNDS. Silverman, Joseph. (University of
Maryland, Laboratory for Radiation and Polymer Science, Col-
lege Park, Maryland 20742).

Viscosity effects are measured in the grafting of vinyl mono-
mers to polymers. Results show that grafting under high viscosity
conditions near the glass transition temperature maximizes the
graft yield and minimizes the yield of occluded homopolymer,
Measurements show that reduced homopolymer content means
superior mechanical properties. The methods have practical
value in optimizing industrial grafting processes. They have
fundamental value in determining conditions where grafted
propagating radicals can be measured; ESR measurements are
in progress.

The mechanism of the radiation polymerization of styrene in
the solid state is studied by measurements of the kinetics and
molecular weight distribution. A very large yield of polymerized
dimers and trimers suggests intraspur termination.

LET studies on polymers and single crystals of alkanes are
in progress. Our principal interest is pair radical formation.

Measurements of radiation-induced conductivity in vinyl
monomers and alkanes are in progress to determine the yields
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and drift mobilities of charge carriers and to determine re-
combination kinetics of the ions.
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03:144 ELECTRON SPIN RESONANCE STUDIES OF RADIA~
TION EFFECTS. Rogers, Max T. (Michigan State University,
Department of Chemistry, East Lansing, Michigan 48823).

Radiation damage in solid materials is being studied using
electron spin resonance to identify the paramagnetic fragments
produced, A variety of new and unusual molecular species are
prepared in this way and the ESR parameters (g tensors and
nuclear hyperfine splitting tensors) provide detailed informa-
tion concerning the molecular and electronic structures of the
radicals. Molecular orbital calculations are carried out to
assist in interpreting the ESR parameters. Systematic studies
are underway that will help in devising general rules for
predicting the results of radiation damage in molecular crys-
tals, Time and temperature variations of the ESR spectra are
aids in revealing the motions and reactions of the paramagnetic
species,

Organic materials being studied include carboxylic acids,
amides, halocarbon derivatives, and organometallic compounds.
Inorganic materials include hydrazinium salts and a variety of
fluorides and oxyanions, particularly those leading to excess-
electron radicals. An effort to observe triplet states of some
new carbenes has been started and ESR studies of radiation
damage in sugars is contemplated. A major objective has been
to obtain nuclear hyperfine splitting data for common nuclei in
a variety of radicals to provide a basis for interpreting new
spectra.

Computer programs for analysis of spectra and their simula-
tion are being developed, including a general method for obtaining
second-rank tensors from single-crystal data.
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03:145 INVESTIGATION OF GAMMA-RAY-INDUCED POLY-
MERIZATION OF THE CARBORANES, Klingen, Theodore J.
(The University of Mississippi, Department of Chemistry,
University, Mississippi 38677). Contract AT-40-1)-3781.

This research involves the radiation-induced polymerization of
organo-substituted derivatives of 1,2-dicarba-closo-dodeca-
borane(12) in the solid and liquid states. The first aspect of the
present work is the effect of the plastic crystalline nature of the
solid state of 1-vinyl- and 1-ethyl-o-carborane on the polymer-
ization. The unusual phase transition behavior observed for
these compounds is being investigated by examining a series of
well-known organic plastic crystalline compounds to determine
whether this behavior is common to all plastic crystals or only
to the carboranes. This work should also shed light on the role
of diffusion control on radiolytic reactions in this condensed
state of matter. A second aspect of the polymerization of 1-
vinyl-o-carhorane, the role of the side chain conjugated double
bond, is being investigated by examining the radiolysis of
1-ethyl- and t-allyl-o-carborane where there is no double bond
or the double bond is not conjugated with the cage.
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The investigation of other phases of the overall problem will
include the study of the copolymerization of 1-vinyl-o-carborane
under the influence of radiation with compounds such as styrene,
Also the screening of other substituted carboranes, such as
bromomethyl-o-carborane, o-carboranediacetic acid, and
bis (hydroxyethyl)-o-carborane, for their ability to be poly-
merized by ionizing radiation will be undertaken. In all of this
work, the goal is the determination of the polymer structure
and kinetics-mechanism of the radiolytic reactions,
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03:146 DETERMINATION OF RANGE OF LOW-ENERGY
ELECTRONS IN ORGANIC MATERIALS, Berry, W. B., and
Y. C. Chang. (University of Notre Dame, Radiation Labora-
tory).

Low-energy electrons are injected into thin film organic ma-
terials by means of photoemission from a silver cathode to
determine the electron range, or average depth of penetration,
and thereby to obtain information regarding the associated
energy-loss mechanisms, At the energies used, in the vicinity
of one electron-volt, electrons interact primarily with inter-
molecular vibrations or phonons.

The electron penetration is determined by measuring the
change in photocurrent following calibrated increases in the
film thickness. These steps in film thickness are typically 2
or 3 nanometers (nm). Average electron range values vary
from 15 nm for materials like neopentane to 3 nm for octane,
The photocurrent dependence on film thickness is found to be
exponential rather than gaussian, This fact is crucial to the
evolution of theories, especially as a boundary condition for
the Smoluchowski equation.

In addition to yielding information on electron range, the data
indicate a potential barrier between the photocathode and the
condensed hydrocarbons. This barrier effects an initial de-
crease in the photocurrent, and it can be determined by project-
ing the data back to the zero thickness case.
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03:147 ELECTRONIC STRUCTURE OF IRRADIATED
ORGANIC LIQUIDS AND GLASSES, TFunabashi, Koichi. (Uni-
versity of Notre Dame, Radiation Laboratory).

The purpose of this study is to provide a unified physical
picture for static (stationary) and dynamic (time-dependent)
behavior of electrons in irradiated organic liquids and glasses.
These problems are related to current cxperimental measure-
ments in this laboratory of electron drift velocity, optical ab-
sorption spectrum of the trapped electrons, and luminescence.
The theoretical aspect of this study involves understanding of
the electronic structure of disordered molecular systems for
various time scales following a stimulus. For the initial stage,
the problem is to clarify the physical meaning of ionization in
a condensed phase. As long as the charge separation is finite
for the ion pair, the significance of jonization and the relevance
of ionization potential are not trivial, in contrast to those in the
gas phase. We have had partial success on this problem but will
continue to work on a more detailed formulation. For the second
stage, the mechanism of electron—phonon coupling in electron
trapping and also in controlling the electron mobility is being
investigated. The problems are how long does it take for an
electron to be trapped or scavenged after ionization and what
are the controlling factors (molecular geometry, temperature,
etc.).
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Funabashi, K., and Y. Maruyama, Model for Trapped Electron in
3-Methylpentane Glass-—An Electron in a Linear Random
Lattice, J. Chem. Phys., 55: 4494 (1971).

, C. Hebert, and J. L. Magee, Effects of Optical Bleaching
on Luminescence Decay and Trapped Electron Concentration
in Gamma-Irradiated 3~-Methylpentane at 77°K, J. Phys. Chem.,
75: 3221 (1971).

03:148 THE RANGE AND ENERGY DEGRADATION SPEC-
TRUM OF SLOW ELECTRONS IN DIELECTRICS. Hamill, W. H.,
and T. Y. Chai. (University of Notre Dame, Radiation Labora-
tory).

A thin-film sandwich device has been designed and will be ap-
plied to the problem of measuring the range of injected electrons
of 0- to 100-eV energy.

The device, from top_to bottom, consists of dielectric D, (10?
to 103 A), grid G (~50 A gold), dielectric D, {100 A), collector C
(~10% A gold), substrate. Electrons are supplied from a therm-
ionic emitter. The currents I and I will be measured at each
thickness t, of Dy, over a range of incident electron energies eV,.
At each V; the collector voltage V. will be swept from the
saturation current at V. > 0 to [_= 0 at V_ < 0. This establishes
the energy distribution of electrons transmitted by D, and G.
Electrons thermalized in Dy will be collected by G. Methods
exist for distinguishing hot electron transmission through pin-
holes and through metal in discontinuous metal films. In a
prototype device using SiO as dielectric and t; = t, = 10? A, slow
electrons traverse D; and enter D, with =2 eV (the practical
limit for V_at that thickness). If ohmic injection can be achieved,
1. — N; characteristics will be measured to provide information
concerning trap concentrations and depths. Having established
procedures with the prototype, such dielectrics as cyclohexane
will be used with Hg electrodes.

03:149 CHARACTERISTIC ENERGY LOSSES AND LUMI-
NESCENCE BY SLOW-ELECTRON IMPACT ON THIN FILMS GF
MOLECULAR AND IONIC SOLIDS, Hamill, W, H., K. Hiraoka,
and T. Matsushige, (University of Notre Dame, Radiation
Laboratory).

The purpose of this work is the investigation of electronic
states of molecules and ions (e.g., n-hexane and NaCl) which are
inaccessible by other conventional techniques, Although these
states and their associated luminescence and chemical de-
composition must dominate the terminal stages of the effects
due to high-cnergy radiation they have not heen observed be-
fore, Losses in alkanes at ~2 eV (transient negative ions),
~3 eV (triplets) and 4 to 8§ eV (unknown excited states), cor-
relate with chemical decompositions at ~3.5 and ~6 eV in n-
hexane,

Nine alkali halides show a common pattern of losses, many
previously reported for 10- to 20-eV electrons, but on the
average three low-lying states of alkali halides appear below
the optical exciton fundamental. These states must be due to
spin~ and symmetry-forbidden halide ion excitations. In pure
KI at 77°K, 300 nm and 375 nm luminescence is excited at
~4.6 eV. In KI: T1*, this excitation induces emission from T1*
and is probably excitonic.

Dectailed measurements of losses and luminescence of KCl,
KCl1: T1*, and related systems at S16°K are planned. Studies on
CdS and other semiconductors will corrclate with other solid
state investigations at Notre Damec.

PUBLICATIONS

Merkel, P, B., and W. H, Hamill, Energy L.oss Spectra of Low-
Energy Electrons Scattered from Thin Solid Molecular Films,
J. Chem. Phys., 55: 1409 (1971).

, and W, H, Hamill, Luminescence from Thin Solid Films
at 77°K Under Low-Energy Electron Impact, J. Chem. Phys.,
54: 1695 (1971).

Hiraoka, K., and W. H, Hamill, Energy Losses by Slow Electrons
in Alkali Halide Films, J. Chem. Phys., 56: 3185 (1972).

Matsushige, T., and W. I, Hamill, Chemical Effects Duc to Low-
Energy Electron Impact on Thin Films of Cyclohexane and
n-Hexane at 77°K, J. Phys. Chem., 75: 1255 (1972),

03:150 THE FORMATION AND NATURE OF SOLVATED

ELECTRONS IN POLAR LIQUIDS AND THEIR ALKANE MIX-
TURES, Hentz, R, R., and G. Kenney-Wallace, (University
of Notre Dame, Radiation Laboratory).

Nanosecond and subnanosecond pulse radiolyses are being
used for study of the time and concentration dependence of the
optical absorption spectrum of the electron in various polar
liquids and their mixtures with alkanes. Such a study should
enhance understanding of the mechanism of formation and
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nature of solvated electrons. Absorption spectra have now
heen determined for the solvated electron (e;) at 30°C in 22
'alcohols and in binary mixtures of a number of alcohols and
cyclohexane. In each case, the spectrum was present im-
mediately within a 5-nsec pulse and was unchanged in position
and shape at longer times. The preliminary results suggest
the following conclusions: (1} binding and transition encrgies
of e in the alcohols are determined by interaction of the
electron with an optimum configuration of OH dipoles in a
small solvation domain, perhaps a single shell; (2) the opti-
mum configuration for ey is affccted by molecular structure
of the alcohol (particularly branching); (3) spectra in the mix-
tures are characteristic of an equilibrium composition of the
solvation domain which is attained within 5 nsec at 30°C in
the 0.1M alcohol solutions studied and is determined by mix-
ture composition, relative strength of the attractive inter-
actions of e~ with the mixture components, and strength of the
attractive interactions between the mixture components. Studies
are being extended to lower alcohol concentrations, alkanes of
' greater viscosity, lower temperatures, and shorter times (for
which purpose a new infrared picosecond pulse-radiolysis sys-
tem utilizing an injection laser diode has been developed). Work
with polar substances other than alcohols is planned, and an
attempt will be made to form chelates of the electron with
single molecules of certain solutes present at low concentra-
tions in alkane solvents, Compounds chosen for such a purpose
will include long-chain polyhydroxy alcohols and macrocyclic
compounds whose structure includes a ‘‘cavity’”” of about the
same size and character as that believed to be associated with
the solvated electron in water and the simple alcohols.

03:151 FORMATION OF EXCITED STATES IN THE RADI-
OLYSIS OF LIQUIDS. Kira, Akira, and J. K. Thomas., (Uni-
versity of Notre Dame, Radiation Laboratory).

The formation of excited states in the irradiation of organic
solutions is studied using the pulse radiolysis method. Com-
parison of the results with those in the laser photolysis makes
it posgible to estimate the primary yield of each of singlet and
{riplet excited states of solutes. In benzonitrile solution, most
of the solute excited states are produced as triplet states. In
dimethyloxyethane solution, the singlet excited state is pre-
dominantly formed at low concentration and the contribution of
the triplet state increases with increasing solute concentra-
tion. Benzyl alcohol solution gives both triplet and singlet
excited states, the triplet state contribution again increasing
with increasing solute concentration.

03:152 TRIPLET FORMATION IN ION RECOMBINATION IN
SPURS. Magee, J. L., and J. J. Huang. (University of Notre
Dame, Radiation Laboratory).

The problem of triplet formation from ion recombination in
irradiated systems is considered theoretically, In many sys-
tems the recombination occurs within spurs and takes place
before spin relaxation. In liquid organic solutions at room
temperature relaxation times can be estimated to be ca, 107% s
but recombination time is of the order of 10-!' s, Under such
conditions of conservation of total spin for a spur, the proba-
bility for triplet formation is treated as a combinatorial prob-
lem. For this case a simple formula is obtained to express
triplet formation probability as a function of the number of
ion-pairs in the spur.

The various mechanisms of spin relaxation are under con-
‘sideration, The most important mechanism involves the
‘presence of triplet molecules excited directly by spin-exchange
scattering of sub-excitation electrons, The general combinatorial
consideration for various numbers of recombining charge pairs
in a spur which has a finite spin arising from triplet excitation
by low-energy electrons is similar to the treatment for zero
spin. General formulas can be obtained in a straightforward
way. The triplet/singlet ratio averaged over spur size distribu-
tion is estimated tobe «7. I an appropriate fraction (~30%) of
spin exchange by sub-excitation electrons is assumed, the
present theoretical work may furnish an explanation of the fact
that in some hydrocarbons ion recombination has produced ap-
proximately equal initial yields of triplet and singlet excited
states. However, a more significant correlation between theory
and experimental data requires further efforts in both areas.

03:153 DIELECTRIC RELAXATION AS APPLIED TO RADIA-
TION CHEMISTRY. Mozumder, A. (University of Notre Dame,
Radiation Laboratory).

Picosecond pulse radiolysis experiments with polar liquids
have demonstrated that the solvated electron is actually formed
in a time scale that is much smaller than the dielectric relaxa-
tion time measured in the laboratory in (relatively) weak electric
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fields. Expcriments performed at low temperatures exhibit the
formation of solvated electrois in microsecond time scale, Even
so this time is orders of magnitude smaller than the laboratory-
measured relaxation time.

One possible contributing factor is the relaxation under constant
charge condition, which makes it faster than laboratory measure-
ments by a factor equal to the ratio of static to high-frequency
dielectric constant, This works pretty well for water, ammonia,
and some alcohols but not the higher alcohols. Also, it does not
explain the low-temperature results, Clearly, a microscopic
model is indicated.

At present we are trying out a model based on charge~dipole
interaction. It has been applied to solvated electron formation in
dilute solutions of polar molecules in nonpolar solvents. The
model predicts very fast attachment followed by coagulation in
nanosecond time scale for an ~50mM solution. In this model the
spectrum of the solvated electron should be approximately the
same as that of the neat polar liquid, which is whal is observed.
We intend to apply this model to neat polar media, which will
need modifications to incorporate self-consistent interaction
between the electron and the neighboring dipoles,

03:154 ELECTRIC FIELD EFFECT ON FREE-ION YIELD,
Mozumder, A. (University of Notre Dame, Radiation Labora-
tory).

Following ionization in a dielectric liquid the ejected electron
travels a certain distance before coming to rest, This could be
either thermalization or trapping. The distance that the electron
travels depends, in addition to the electronic range, upon the
mechanisms of energy loss of the low-energy electron. Once
thermalized, the motion of the electron should be describable
by Smoluchowski’s diffusion equation. One consequence of this
equation is that in the long-time limit there is a small proba-
bility that the elcciron escapes neutralization with its sibling
positive ion by virtue of Brownian motion, This gives rise to
the so-called free-ion yield, which has been measured by
various techniques. Onsager’s theory describes the steady-
state situation rather well; there also have been attempts to
treat the time-dependent situation,

An external electric field increases the escape probability of
the electron, which also has been obscrved, Formally, the
Onsager theory should be applicable for the evaluation of the
enhancement factor but the analysis is too complicated, Our
effort in this dircction will be aimed at: (1) making the Onsager
treatment tractable, (2) studying the effect of initial distribu-
tion, and (3) introducing trapping and detrapping in the Onsager
model. Results will be compared with experiments.

03:155 DIFFUSION AND ELECTRON TRANSPORT IN IR~
RADIATED DIELECTRIC LIQUIDS. Mozumder, A., G. Abell,
and J. L. Magee, (University of Notre Dame, Radiation Labo-
ratory).

It has now been established beyond doubt that the electron he-
haves as a classically diffusing entity in many reactions that it
undergoes in irradiated dielectric liquids (hydrocarbons)., Most
important among the experimental results are those on neu-
tralization and scavenging. Quantitative scavenging experiments
are successfully interpreted in terms of Smoluchowski’s equa-
tion including the electric field between the ions. Properties of
the solutions of the equation have been investigated for the case
of a single pair of charges. The analytical solution is of prac-
tical importance only for very small scavenger concentrations,
but numerical solutions are possible. Numerical methods have
been developed for the calculation of the neutralization (or
scavenging) probability of an electron in the field of an ion. We
also have worked out approximate solutions for the multiple
ion-pair cases. The fact that in most hydrocarbons the measured
electron mobility is independent of the applied field up to rather
high field strongly suggests a diffusive mechanism for electron
transport in such systems.

There remains a fundamental theoretical problem that can be
stated as follows: how does a light particle such as an electron
exhibit diffusive behavior whereas it should only follow wave
mechanics? We think that the answer lies in the destruction of
phase correlations of electron scattering by neighboring mole-
cules of the liquid, It is not the electron itself, but the random
positions of the molecules, that generates the diffusive behavior.
We shall investigate the proposition that the foregoing state-
ments follow from general principles of quantum statistical
mechanics and in so doing the time scale over which diffusion is
a good approximation should be obtainable,
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03:156 ELECTRON SPIN RESONANCE STUDIES OF FREE
RADICALS FORMED BY IRRADIATION. Livingston, Ralph,
Robert W, Holmberg, and Henry Zeldes. (Oak Ridge National
Laboratory, Chemistry Division).

Chemical free radicals that are formed in solids and in liquids
are being studied by electron spin resonance. The work on solids
is largely with single crystals, usually of known structure, and
the radicals are most often formed by gamma irradiation.
Studies are underway on Fremy’s radical (the nitrosodisulfonate
radical anion) as well as other radicals formed by irradiating
4 host crystal of potassium hydroxylamine trisulfonate. For the
first time the spectrum of Fremy’s radical is available in a
single crystal with sufficient detail to allow a complete deter-
mination of the hyperfine parameters. Other studies are being
made on NOj and NO3~ formed in a variety of nitrates. The work
on liquids is concerned with the identification and study of free
radicals at steady-state concentration during photolysis with
ultraviolet light. Typical radical lifetimes are of the order of a
millisecond at room temperature. Presently radicals derived
from heterocyclic nitrogen compounds are being studied. A
rotating sector is also used to allow mcasurement of radical
lifetimes and a general study of radical kinetics. Zeeman
polarization phenomena are sometimes seen, and at this time
a study is underway on polarization effects and chemical kinetics
of radicals formed during photolysis of aqueous solutions of
tartaric acid,

PUBLICATIONS

Dohrmann, J. K., R. Livingston, and H. Zeldes, Paramagnetic
Resonance Study of Liquids During Photolysis. XII. Alloxan,
Parabanic Acid, and Related Compounds, J. Amer. Chem.

Soc., 93: 3343 (1971).

, and R. Livingston, Paramagnetic Resonance Study of
Liquids During Photolysis. XIII, Uracil and Derivatives, J.
Amer. Chem. Soc., 93: 5363 (1971).

Holmberg, R. W., ESR Study of Gamma-Irradiated Single Crystals
of Potassium Bicarbonate at 77°K, J. Chem. Phys., 55: 1730
(1971).

03:157 RADIATION CHEMISTRY OF HOMOLOGOUS SERIES
OF ORGANIC COMPOUNDS. Rudolph, P. S. (Oak Ridge Na-
tional Laboratory, Chemistry Division.).

The systematic study of the radiolysis of an extensive number
of members of a specific homologous series of organic com-
pounds was initiated to determine the effects of homology on the
radiolytic products and their abundances. This would give the
radiation chemical theorists a fund of data in which the classical
organic chemical approach of homology can be joined to modern
physical theories of the interaction of radiation with matter.

The normal aliphatic monocarboxylic acids from C, through
Cys have been irradiated, the products analyzed, and a mecha-
nistic scheme outlined (for propionic acid and higher) that ac-
counts for the observed products and the decreasing CO, yield
with increasing chain length.

A parallel study on amines has been started. Deamination has
been observed as a major process, and a chromatographic tech-
nique for measuring the ammonia has been demonstrated.

A logical extension of this research is to the homologous series
of amino acids. This should provide data of rather direct interest
to radiobiology, particularly if we extend the study to aqueous
solutions of amino acids.
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, The Radiolysis of Aliphatic Carboxylic Acids: On the
Decarboxylation of Normal Acids at 77°K, Radiat. Res., 50:
41 (1972).

03:158 RADIATION CHEMISTRY OF INORGANIC CRYSTAL-
LINE SOLIDS AND THEIR MELTS. Boyd, G. E.. J. B, Bates,
and L., M, Toth. (Oak Ridge National Laboratory, Dircctor's
Division).

The damaging effects of nuclear radiations on molecular ions
in inorganic crystals and their melts are being investigated in
this program. The identification of molecular fragments pro-
duced in the crystal lattice or in the molten salt by energetic
ionizing radiations and the development of a chemical mechanism
for the subsequent reactions of these fragments are important
objectives. During the past three years the techniques of
vibrational spectroscopy (i.e., laser Raman scattering and infra-
red emission and absorption) have becn applied. This modern
and powerful investigative procedure makes possible the direct
determination of the physical structure and chemical composi-
tion of the damaged region in a crystal, and gives information on
the manner in which the decomposition anneals with post-ir-
radiation treatment. Isotopic substitution in a molecular ion with
B¢, BN, 80, ete., greatly increases the insight gained from the
spectroscopic measurements,

Some of our recent work has been concerned with crystalline
and molten alkali metal and alkaline earth fluorides and with
identifying the complex ions of uranium, thorium, zirconium,

,and several fission product elements that may exist in these

systems. Increasing attention will be given to Raman and infra-
red emission spectra of molten carbonates, sulfates, hydroxides, .
and other molten salts because of their possible importance as
high-temperature solvents in various new encrgy tcchnologies.
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03:159 THE RADIATION CHEMISTRY OF HIGH POIL.YMERS.
Parkinson, W. W, (Oak Ridge National Laboratory, Reactor
Chemistry Division).

The objective of this program is to delineate the radiation-
induced chemical reactions involved in the crosslinking and
scission of organic high polymers. This information is important
in the prediction of the serviceability of plastics and rubbers in
a radiation environment and in the development of radiation
processing of these materials. The materials studied are simple
base polymers typical of commercial plastics and elastomers.

Precursors of chemical reactants, trapped electrons, werc
studied in a thesis program in cooperation with the University
of Tennessec and Professor T. F. Williams, Currently, the
changes induced by radiation in the infrared spectrum of
polystyrene are being analyzed to correlate the changes in mo-
lecular structure with previously measured yields of hydrogen,
benzene, and crosslinks. The dependence of the rate of mo-
lecular scission on temperature will be studied to explain the
apparent decrease in crosslink yields at elevated temperatures
while the hydrogen yields are unchanged or increased.

Since earlier infrared analysis of different isomeric types of
polybutadiene showed that unsaturated groups disappeared at a
high rate, crosslink yields will be measured to account for the
change in unsaturation. The crosslink densities are important
since they determine the elasticity of these rubber polymers.

PUBLICATIONS

Parkinson, W, W,, and O. Sisman, The Use of Plastics and
Elastomers in Nuclear Radiation, Nucl. Eng. Design, 17:
247 (1971).

, and R. M. Keyser, Polystyrene and Related Polymers,

Chap. 5, in Radiation Chemistry of Macromolecules, Vol. I,

pp. 57~-96, M. Dole (Ed.), Academic Press, Inc., New York,

1972.

03:160 THE RADIATION CHEMISTRY OF HYDROCARBON
LIQUIDS. Parkinson, W. W. (Oak Ridge National Laboratory,
Reactor Chemistry Division),
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The objective of this investigation is to determine the nature
and the yields of the products from the irradiation of solutions
of naphthalene in hexane, These compounds were selected as
models for the aromatics in coal and the light alkane hydro-
carbons of petroleum to explore the utilization of radiation to
convert coal into liquid chemicals,

Less than 25% of the total radiation product is sufficiently
volatile for analysis by gas chromatography. Over 20 compounds
have been identified in this fraction, about half from the re-
combination of alkyl radicals from hexane and half from the
reaction of these radicals with naphthalene.

The nonvolatile portion of the total product could be separated
into four fractions by gel permeation chromatography. The
general types of isomeric compounds making up each of the
four fractions have been indicated by mass spectrometry.
Samples of different concentrations have been irradiated for
various doses and are now being analyzed. The results will
ielineate the types of reactions and the yields to be expected
from irradiation of aromatics in an environment of alkane
hydrocarbons. With the potentialities of using radiation in the
processing of coal thus indicated, the program will be complete,

03:161 PULSE RADIOLYSIS STUDIES OF FAST REACTIONS
IN MOLECULAR SYSTEMS. Dorfman, Leon M. (The Ohio State
University, Department of Chemistry, Columbus, Ohio 43210).

The pulse radiolysis fast reaction technique, with fast optical
detection into the infrared to 2300 nm, in the uv, and visible, and
in the vacuum uv at 121.6 nm, is being used to investigate the
optical properties and chemical behavior of many fundamental
transient species. These projects are currently active: (a) the
optical properties of the solvated electron, in the infrared, in
weakly polar liquids and in binary liquids, are being determined.
We intend to establish the extent to which aggregate properties of
the liquid are dominant in determining the nature of solvated elec-
trons and the extent to which specific molecular properties are
dominant. The data provide more rigorous tests of validity of
theoretical models and will furnish much-needed empirical guid-
ance in the current development of these models. (b) Solvent
effects in electron transfer and proton transfer reactions of
aromatic radical lons arc being investigated. The solvent de-
pendence of the kinetics is providing information about the role
of ion solvation in electron {ransfer and the dependence of the
rates on the dielectric properties of the solvent, a major pa-
rameter in current theories of eleciron transfer. The proton
transfer rate data are providing new information on the profound
effects of hydrogen bonding of the solvent in binary liquid systems
where kinetic effects ranging over several orders of magnitude
are being observed. (¢) Nanosecond ion-recombination reactions
of aromatic radical anions in weakly polar liquids are under in-
vestigation with a view to providing information about the proper-
ties of geminate ion-pairs in radiation chemistry.
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03:162 HOT-ATOM AND RADIATION CHEMISTRY PROGRAM.
Lee, Rupert A. (Puerto Rico Nuclear Center, Nuclear Science
Division, College Station, Mayaguez, Puerto Rico 00708).

It is now known that ionic-type polymerization reactions can be
influenced by the application of an electric field applied during
the polymerization. Radiation produces initially both radical and
ionic species, and it therefore seemed interesting to investigate
the effect of an applied electric field during polymerization in-
duced by ionizing radiation. A study of the copolymerization of
mixtures of methyl acrvlate and vinyl acetate with crotonic acid
in the absence of an electric field has alrecady been carried out,

Another system presently being studied is a mixture of agueous
solutions of methacrylic acid and methacrylamide. The electric
field effect will be attempted in 1973,

Our other investigations involve the radiolysis of simple gaseous
organic fluorides (methyl fluoride and fluoroform) and some simple
liquid aromatic fluorides, (o-, m-, and p-fluorotoluenes), Not
much has appeared in the literature concerning organic fluorides
whereas the fluorocarbons have been fairly well studied. Our
studies so far have shown that these simple compounds produce
reactive fluorine-containing intermediates that may be suitable
for synthesizing organic fluoro compounds. After the mechanisms
for the radiolytic decompositions of the above simple compounds
have been established, suitable mixtures containing olefinic-type
bonds will be irradiated to achieve radiation-induced syntheses.
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03:163 RESEARCH CONCERNING IONIC AND FREE RADICAL
REACTIONS IN RADIATIONCHEMISTRY, Williams, T. Ffran-
con. {(University of Tennessee, Department of Chemistry,
Knoxville, Tenncssee 37916).

The focus of this research is on the nature and reactivity of the
intermediate chemical species that are generated by high-energy
irradiation of molecular liquids and solids. A complete char-
acterization of the role of these species in radiation chemistry
requires the determination of their molecular structure, the
identification of the primary radiation chemical mechanism of
their formation, and the kinetic investigation of their subsequent
reactions. The experimental methods that are used in this re-
search are those of electron spin resonance and optical absorp-
tion spectroscopy. The systems include both organic and inorganic
compounds with particular emphasis on comparatively simple
molecules such as acetonitrile, methanol, alkyl halides, sulfuryl
chloride, and organophosphorus chlorides. Representative re-
search problems currently under investigation include: (1) struc-
tural studies of aliphatic radical anions and radical--anion pairs
in y-irradiated crystalline solids; (2) the mechanism of electron
attachment to molecules such as acetonitrile and methyl iso-
cyanide; (3) kinetic studies of hydrogen atom abstraction reac-
tions at low temperatures with particular reference to the con-
tribution of quantum mechanical tunneling as evidenced by
temperature and kinetic isotope effects; (4) electron spin reso-
nance studies of y-irradiated phosphorus compounds in the solid
state; (5) spin trapping studies in the radiolysis of organic liquids
including alcohols, thiols, amines, and ethers; and (6) pulse
radiolysis studies on nitriles.
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03:164 RADIOLYSIS STUDIES ON REACTIVE INTERMEDI-
ATES. Kevan, Larry. (Wayne State University, Department of
Chemistry, Detroit, Mich. 48202).

The objectives of this research are to delineate the chemical
and physical properties of reactive intermediates produced by
high-energy radiation with emphasis on ionic intermediates
trapped in solid matrices. Current areas of study are as follows:
(a) A pulsed-electron spin resonance spectrometer is being built
to study spin—lattice relaxation mechanisms of radiation-produced
ions and radicals. Preliminary experiments suggest that a new
relaxation mechanism may be involved in organic matrices near
77°K. {b) Spin—spin interactions of electrons and radicals trapped
in the same matrix and the importance of cross relaxation will be
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assessed by the new technique of electron—electron double reso-
nance, (c) The quasi-free electron state in glassy matrices is
being studied experimentally and theoretically. Models to explain
excess electron binding in nonpolar matrices are being explored.
(d) The thermal decay kinetics of trapped radical pairs is being
examined as a model for inhomogeneous thermal decay kinetics
in solids. (e) Double modulation Hall effect apparatus is being
improved to measure mobilities in low~-impedance photocon-
ductors in which the charge carriers are radiation-produced
species. The mobility characteristics indicate the scattering
mechanisms for photoexcited electrons in amorphous and glassy
matrices.
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03:165 APPLICATION OF DIFFERENTIAL THERMAL
ANALYSIS AND ELECTRICAL CONDUCTIVITY TO THE STUDY
OF TRAPPED REACTION INTERMEDIATES PRODUCED IN
ORGANIC GLASSES BY y RADIATION. Willard, John E.
(University of Wisconsin, Department of Chemistry, 1101 Uni-
versity Ave., Madison, Wisconsin 53706},

The electric conductivity of y-irradiated organic glasses as a
function of temperature during warm-up reveals migration and
neutralization of different populations of charge carriers at dif-
ferent temperaturcs. Thermoluminescent glow curves obtained
in other laboratories give similar data. The present project is
designed to better correlate and interpret these data, and to
obtain quantitative information on the heats of reactions between
electrons and positive ions, and between other trapped reaction
intermediates. These data are expected to be of value in evalu-
ating solvation energies in the organic solids and in identifying
migrating populations. Measurements are made with irradiated
sample and reference in a copper block that can be cooled to any
desired temperature, and warmed at a predetermined rate.
Preliminary observations have been made on: (1) the magnitude
of the endothermic molecular reorganization peak of the unir-
radiated hydrocarbon, which appears when the sample is warmed
above the glass transition temperature, and on the effect of time
of annealing below the glass transition temperature on this peak;
(2) exothermic peaks attributed to anion-cation neutralization
in hydrocarbon glasses; (3) the exothermic peak produced by
photobleaching clectrons in y-irradiated 3MP. Calibrations of
the heat output against a known phase transition and against
known electrical heating agree well.

03:166 CHEMICAL REACTIONS ON v-IRRADIATED SILICA
GEL AND POROUS VYCOR GLASS. Willard, John E. (University
of Wisconsin, Department of Chemistry, 1101 University Ave.,
Madison, Wisconsin 53706).

An adsorbent capable of utilizing the energy of absorbed y
radiation to activate reactions of sorbed molecules to give useful
products that can be desorbed into a gas stream would be valu-
able. G values of unity or higher for chemical conversions on
surfaces (based on energy absorbed in substrates) have been
demonstrated by several laboratories. The present project seeks
to learn more about the conditions controlling such energy trans-
fer in y-irradiated silica gel, the types of reactions it can initiate,
reactions of sorbed radicals with molecules added after irradia~
tion, and saturation of reaction sites as a function of dose and
temperature. We find that alkyl chlorides, ethylene, propylene,
and methane are all activated to produce sorbed radicals, ob-
servable by ESR at 77°K. Admission of O, to the radicals converts
them to peroxy radicals. C,H; admitted to sorbed CHy produces
CyHg by addition followed by abstraction from surface silanol
groups. Yields as a function of dose and temperature suggest a
preempting of the sensitive energy transfer sites by products at
77°K but not at 300°K. The active sites produced by irradiation
appear to initiate polymerization of ethylene added either before
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or after irradiation. Current work on the decay kinetics of
sorbed free radicals on silica is furnishing information on their
mobility on the surface.

03:167 PRODUCTION, SPATIAL DISTRIBUTION, AND RE~
ACTIONS OF TRAPPED FREE RADICALS IN IRRADIATED
ORGANIC SOLIDS. Willard, John E. (University of Wisconsin,
Department of Chemistry, 1101 University Ave., Madison,
Wisconsin 53706).

The purpose of this project is to study the formation of trapped
free radicals produced in organic solids by different types of
radiation, the mechanisms by which they decay during and after
irradiation, their interaction with electrons during irradiation,
the energetics of their reactions, and their use as scavengers
for determination of diffusion coefficients of small reactive
molecules. Past work on the project has demonstrated: (1) dif-
ferent bond selectivity for C—H bond rupture in glassy hydro-
carbons than in liquids and gases; (2) first order decay of
radicals produced from alkyl halides by dissociative electron
capture or photolysis, indicating geminate recombination at
rates determined by geometrical rearrangement of the radicals
caused by movements of solvent molecules; (3) much slower

(M,) germinate recombination rates in deuterated solvents than in

protiated solvents; (4) scavenging of electrons by trapped
radicals; and (5) radiation-catalyzed recombination of trapped
radicals. Recent work has determined the yields and decay
kinetics of radicals produced by photolysis of Cl, and of HI in
glassy hydrocarbons. Current investigations are focused on the
matrix isotope effect on decay rates; effects of matrix annealing
on decay rates; the spatial distribution of radicals formed by
different processes, as revealed by ESR spin relaxation studies;
the ultraviolet absorption spectira of trapped radicals; and
photochemical reactions of radicals.
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03:168 PROPERTIES OF TRAPPED ELECTRONS PRODUCED
BY y-IRRADIATION OF ORGANIC GLASSES. Willard, John E.
{(University of Wisconsin, Department of Chemistry, 1101 Uni~
versity Ave., Madison, Wisconsin 53706),

Some of the electrons pruduced in organic glasses by ionizing
radiation arc physically trapped, and observable by their optical
and ESR spectra, The goal of this projcct is to further char-
acterize their propertics, to aid in understanding the mechanisms
of trapping and of the subsequent reactions of the electrons. Work
on the project has indicated that trap depths increase with polarily
of the trapping matrix; thal trapped electron concentrations in-
crease with dose and then decrease, as a result of scavenging by
free radicals and positive charge; that electrons that are de-
trapped by photobleaching may be captured by radicals from
which they may be removed by ultraviolet light and be retrapped;
that electron capture by scavengers is predominately by tunneling
following trapping rather than by capture before trapping. Cur-
rent and future work includes studies of: (1) effects of matrix
annealing on trapped electron decay rates; (2) the long wave-
length thresholds of photobleaching to determine trap depths and
bound states; (3) the changes in quantum yields of photobleaching
with fraction bleached, which stand as a dilemma in the litera-
ture; (4) changes in fluorescence vields of photobleaching with
fraction bleached; (5) G values of trapping as a function of the
nature of the matrices; and (6) time dependence of trapped elec-
tron decay following laser pulse photolysis of TMPD, as a
means of further examining the tunneling phenomena,
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Studies of photoexcitation, photochemistry, and energy transfer.

03:169 RADIATION CHEMISTRY OF AROMATIC COMPOUNDS,
Kaplan, L. and Wilzbach, K. E. (Argonne National Laboratory,
Chemistry Division).

The purpose of this program is to uncover and elucidate the
mechanisms of radiation-induced reactions of simple aromatic and
hetercaromatic compounds. The reactions of interest are generally
those of electronically excited molecules, and are more readily
studied using ultraviolet rather than ionizing radiation. Such
studies have already shown that the apparent radiation stability of
these compounds is attributable largely to the formation of valence
isomers which, under ordinary conditions, revert to starting ma-
terial. They do, however, undergo facile additions in reactive
media. Currently under investigation is the photochemistry of
benzene in hydroxylic solvents —water, alcohols, and acetic acid.
Ultraviolet irradiation of such systems yields a variety of iso-

neric bicyclo[3.1.0]hexenyl derivatives, at least some of which
appear to have their origin in benzvalene, a primary photoproduct.
The present studies, aimed at delineating the mechanisms of the
photoadditions, include product identification and determination
of product ratios, studies of the dark reactions of benzvalene,
examination of the photochemical behavior of the various isolated
products, and the use of isotopically labeled benzenes to investi-
gate rearrangements that occur prior to product formation.

The reactions that occur upon ultraviolet excitation of benzene
in the presence of oxygen will be investigated, An attempt will be
made to elucidate the initial reactions in the photo-oxidations and
to relate them to the known photochemistry of benzene,

Identification of the photochemically formed valence isomer of
pyridine was facilitated by the finding that in aqueous sodium
borohydride it was reduced, and stabilized, before undergoing
other reactions, Photoreductions of other heteroaromatics, e.g.,
quinoline, isoquinoline, and indole, by sodium borohydride are
now being investigated to acquire information on the excited
species formed,
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03:170 CHLOROPHYLL AND PHOTOSYNTHESIS, Katz, J.J.,
Norris, J, R. Jr. and Uphaus, R. A. (Argonne National Labora-
tory, Chemistry Division).

Spectroscopic investigations on chlorophylls of varied isotopic
composition reveal chlorophyll to have unusual and previously
unsuspected electron donor —acceptor properties intimately
implicated in the way chlorophyll functions in the light-conversion
step of photosynthesis, These studies have also defined a variety
of chlorophyll species in the laboratory, some of which appear to
be very similar to chlorophyll as it occurs in the plant. Using H
and 3C nuclear magnetic resonance, we are investigating
chlorophyll—chlorophyll interactions, transient chiorophyll oxida-
tion products, and chlorophyll —protein interactions. We have
recently made the surprising discovery that bacteriochlorophyll
from different species of photosynthetic bacteria have different
esterifying alcohols, and we are making a comprehensive spec-
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troscopic comparison between the different bacteriochlorophylls.
The free radicals associated with photosynthesis are being
characterized by electron spin and electron nuclear double reso-
nance studies in chlorophylls and organisms of unusual isotopic
composition, and at least one new photo-ESR signal has been
detected, Our objective is to utilize the results of laboratory in-
vestigations to prepare synthetic chlorophyll systems that can
simulate photosynthesis, i.e., that use the energy of light to carry
out chemical reactions,
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03:171 PHOTOREDUCTION BY AMINES VIA CHARGE TRANS-
FER COMPLEXES. Cohen, Saul G. (Brandeis University, De-
partment of Chemistry, Waltham, Mass. 02154).

The objective of this program is to put on a quantitative basis
factors that lead either to quenching or chemical reactions of
electronically excited species.

We have proposed, and it is widely accepted, that photoreduc-
tion by amines proceeds by formation of a charge-transfer com-
plex, ki, followed either by charge destruction and quenching,
K., or by hydrogen transfer and radical formation, k;,. Quenching
rates are effectively given by ki; quantum yields of photoreduc~
tion depend on the relative values of ky, and k,, Scheme A

kiy . o +
Ar,C=0(T,) + RR'NCH,R? —~ [Ar,C-0~ RR‘NEHZRZI
h

k
: Kh

Ar,C=0(S;) + RR'NCH,R? ArCOH + RRINCHR?

(a) In photoreaction of fluorenone with p-substituted dimethyl-
anilines, a linear plot of log ki vs ot is obtained showing impor-
tance of initial charge transfer. Quantum yields are lower with
both strong electron-withdrawing and donating substituents,
indicating an optimum in stability of the radical cation. In reaction
with N,N-dialkylanilines, @ -NRR!, k;, is unchanged as R,R! =
CHj, C,Hy, i-C3Hy, while quantum yields rise, R = CH,, R! changed
from CHj to C,H; to i-C3H,;. Two large alkyl groups lead to low
¢. Mono-N-alkylanilines resemble anilines and are not photo-
reducing agents but quenchers, indicating that reversible N—H
transfer may be important.

(b) We have proposed, eq. 1, that interaction of triplet excited
carbonyl

log ki ~ AGer~ =3%AE, s ~E(A=/A) + L.Pp + C (1)

compounds with electron donors, k;,, may be described in terms of
triplet energy, *AE, ,, and reduction potential of carbonyl com-
pound, E(A~/A), and ionization potential of donor. For a common
acceptor log ki, ~ I.P.p, and this is being explored for varied
donors, amines, alcohols, olefins, thio compounds, etc. For a
common donor log ky ~—3AE, o~ E(A™/A), and this is being
explored for carbonyl compounds of varying excited state con-
figurations.
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03:172 PHOTOCHEMICAL REACTIONS OF COMPLEX MOLE-
CULES IN CONDENSED PHASE. Linschitz, Henry. (Brandeis
University, Department of Chemistry, Waltham, Mass. 02154).

We plan to continue studies on the mechanism of photoredox and
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isomerization processes, with particular reference to reactions of
photobiological relevance. In photoredox systems, we are con-
cerned with both H-atom and electron-transfer processes, and the
factors that favor one or the other reaction type. Aromatic ketones
are useful test substances for these studies. Using flash photol-
ysis or low-temperature techniques and aprotic solvents, we may
isolate the primary step in the ketone —donor reaction and measure
its kinetic parameters. Interest centers on kinetic anomalies such
as nonlinear Arrhenius plots and concentration-dependent second-
order rate constants for the H-atom abstraction rcaction. Free-
radical processes subsequent to primary redox reactions are
being studied by an independent pulsed electrochemical —optical
technique, giving data complementary to flash-photolytic experi-
ments. The kinetics of phototransformation of the chromoprotein
phytochrome is being studied, as a function of molecular weight,
pH, and salt concentration, particularly with respect to the origin
of parallel reaction pathways in a homogeneous protein popula-
tion. Chromophores that may be models for phytochrome are also
being investigated.

e
A03:173 ENERGY TRANSFER IN CHEMICAL KINETICS.
Weston, R. E. Jr. (Brookhaven National Laboratory, Chemistry
Department).

Intermolecuiar energy transfer is a process of great importance
throughout chemical kinetics. In some cases, the rate of energy
transfer can be measured by determining the lifetime of a mole-
cule or atom in a fluorescent state as it is changed by the presence
of other molecules.

Apparatus has been assembled that will permit the direct mea-
surement of fluorescent lifetimes as short as a few nanoseconds.
This uses a single photon technique that measures the time
elapsed between the pulse of light that excites the molecule to the
fluorescent state and the emission of the first photon by the excited
molecule. The lamp is pulsed at a repetition rate of several kilo-
herz, and signals corresponding to the time elapsed between start
and stop signals are collected in a multichannel analyzer. This
method will be applied first to studies of electronically excited
metal atoms produced with excess translational energy by the
photodissociation of metal halides. At present, the quenching of
Na (3p) atoms by diatomic and polyatomic molecules is being
investigated. The results will be correlated with molecular beam
studies and with some recent theoretical work on these systems,
It is particularly interesting to extend this method to the quench-
ing of Li (2p) atoms by diatomic molecules, since such systems
should be amenable to theoretical treatment, from the standpoint
of both potential energy and trajectory calculations.

In the future, we hope to enlarge this program to include
fluorescent states of polyatomic molecules in order to determine
rates of vibrational energy transfer.

03:174 RADIOACTIVE TRACER STUDIES OF PHOTOCHEMI-
CALLY PRODUCED ATOMS AND RADICALS. Rowland, F. 8.
(University of California, Department of Chemistry, Irvine, Calif.
92664).

The general purpose of this research is the study of atomic and
molecular species formed with extra excitation through photo-
chemical processes. All of the species are radioactively labeled
and can be readily studied with radiotracer techniques. The species
under current study include hydrogen atoms (tritium), methylene
(CHT or "CH,), and methyl (CH,T or "CH,).

The photolysis of TBr with ultraviolet light dissociates the
molecule into the two atoms and any excess energy above that
needed to break the T-Br bond (3.81 eV) appears as kinetic energy,
with 96% as kinetic energy of the tritium atom. Variation of the
wavelength of light leads directly to different initial energies for
this photochemically ‘*hot’’ tritium. Earlier experiments have
shown that the photolysis of TBr with Br, as scavenger leads to
both abstraction and substitution reactions with hydrocarbons
(e.g., DT + CD; or CD;T + D from T + CD,). As the excess energy
is lowered (longer wavelengths), the substitution reaction dis-
appears and its threshold energy can be estimated. Such thresholds
are being determined for substitution of T for H, D, or F in alkyl
fluorides.

While the TBr photolysis procedure works well for relative
yield measurements, absolute yields cannot be determined —the
T atoms that do not react while ““hot’’ react with Br, to reform
TBr, and no trace remains to indicate dissociation had occurred.
Considerable progress has been made in the use of tritiated water
as a photolytic substrate. In this case, the thermalized T atoms
(from HTO) can be scavenged by traces of olefins. Cross-com-
parisons of TBr and HTO systems are in progress with simple
hydrocarbons and halocarbons.

Methylene occurs in two electronic states, singlet and triplet.
The singlet state reacts very rapidly with most hydrocarbons
while the triplet is quite unreactive. The oxidation of triplet
methylene by molecular O, has been studied with both CHT and
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HCH,, and can be used for diagnostic determination of the presence
of triplet in other systems. Present studies involve the reactions
of methylene with methane, methyl fluoride, propane, ethylene, and
2~butene. The discovery of the isotopic exchange of singlet "CH,
with CO (forming CH, + CO) was an unexpected honus arising as
a direct consequence of the use of the radioactive tracer method.
The photolysis of 1'CH,I with ultraviolet light causes chiefly
dissociation into CH, plus I, with substantial excess energy on
the methyl group. Studies are underway of hot "YCHy reactions
with olefins to determine the chemical effects of such excess
energy. A minor path, leading to "YCH, formation from “CH,I
photolysis, was discovered through the molecular O, diagnostic
technique.
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03:175 INTER- AND INTRA-MOLECULAR ENERGY TRANS-
FER STUDIES. Nicol, Malcolm F. (University of California,
Department of Chemistry, Los Angeles, Calif. 90024).

The continuing objective of this project is to develop a more
complete understanding of nonradiative energy transfer in mole-
cules and solids through intensive experimental and thecoretical
investigations of specific problems in this and closely allied
fields. This research is now focused on the following specific
studies: dependence of the mechanism and efficiency of inter-
molecular energy transfer on the separation between donor and
acceptor molecules; displacement of absorption and luminescence
bands by the molecular environment; bonding and structure of
compressed molecular solids; chemistry of the organic solid state
at high pressures; radiation damage in organic scintillators; and
intramolecular energy transfer, photochromism, and chemi-
luminescence.

Spectroscopic investigation of the changes of intermolecular
energy transfer processes in rigid media brought about by com-
pression of intermolecular distances have an important part in
this research. Much effort also is devoted to development of
spectromicroanalytical techniques for identification of new mole-
cular species responsible for changes of energy transfer mecha-
nisms. This latter task has recently involved attempts to under-
stand the relationships between structure and spectra of more
thoroughly studied inorganic materials under high pressure.
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03:176 LANTHANIDE IONS AS SENSITIVE PROBES IN INTER-
MOLECULAR ENERGY TRANSFER AND ORGANIC PHOTQO-
CHEMISTRY. Filipescu, Nicolae. (George Washington Uni-
versity, Department of Chemistry, Washington, D. C. 20006).
)This is a multi-faced research program emphasizing the use of
various spectroscopic techniques for elucidation of fundamental
processes involving electronically excited molecules. Specifically,
we use quantitatively uv—visible absorption and emission (fluo-
resence and phosphorescence), excited state lifetimes, NMR, ESR,
and time-lapse spectrometry to detect and identify key inter-
mediates in photochemical reactions of basic significance and to
elucidate mechanisms of electronic energy transfer at molecular
level. The spectroscopic analysis is correlated theoretically from
statistical, quantum mechanical, and kinetic points of view. The
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work comprises transfer of excitation energy from aromatic
ketones to trivalent lanthanide ions both in frozen and in liquid
solutions; these form bidentate ligands to chelated rare earth
ions, between two nonconjugated organic chromophores incor-
porated in rigid model compounds in which the interchromophoric
separation distance and relative orientation are accurately known,
and between separated molecules one of which—either the donor
or the acceptor —is in a ground triplet state. In addition, we are
combining usual spectroscopic techniques with electron spin reso-
nance to investigate dark transformation following uv irradiation
of aromatic ketones, attempting to develop quantum theoretical
and statistical models for molecular interactions, and investi-
gating energy transfer and photocheniistry involving stable
carbonium ions.
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03:177 PROPERTIES OF EXCITED SPECIES IN THE FROZEN
STATE. Moser, Herbert C. (Kansas State University, Depart-
ment of Chemistry, Manhattan, Kansas 66506).

The objectives of this work are to determine the properties and
chemical reactions of excited species in frozen systems. Excita-
tion methods in use are photosensitization and low-energy elec~
tron irradiation, and excitation energies from a few eV to above
the ionization energy are to be studied. Films of pure compounds
or mixtures with mercury are to be irradiated with electrons or
uv light. Irradiated films will be examined spectroscopically, and
analyses will be made of the reaction products.

Another area of research is the study of the reactions of gas
phase atomic species with solid surfaces. Thermal atomization
and electrical discharges are in use as methods of generating
reactive atomic species. The chemical properties of tritium atoms
produced by these methods are to be investigated. The isotope
exchange reactions of these energetic atoms are to be used as a
means of preparing tritium-labeled compounds that are difficult
or impossible to label by other technigues.
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03:178 DIRECT OBSERVATION OF UNSTABLE INTERME -
DIATES IN GAS-PHASE CHEMICAL REACTIONS. Johnston,
Harold 3. (Lawrence Berkeley Laboratory, Inorganic Materials
Research Division).

During the past year we have found that our laboratory research
on ozone, oxides of nitrogen, and inorganic free radicals has im-
mediate applications to the problem of stratospheric photochem-~
istry. Ozone in the stratosphere is removed by a direct reaction
with an oxygen atom and by catalytic destruction by the oxides of
nitrogen (NO and NO,). To a much lesser extent ozone is removed
by transport to the troposphere and by catalytic destruction by
free radicals based on water (H, HO, HOO). Other nitrogen-
containing compounds (NO,, N,O5, HNO,) are important in that
they may provide additional sources or sinks for ozone, or they
may tie up the active forms of nitrogen oxides (NO and NO,).

We are using our spectroscopic apparatus (infrared, ultra-
violet, and mass) to study the photochemistry of the higher oxides
of nitrogen and to study the interactions of the NOy system with
the HO, system. In particular, we are studying wavelength-
dependent photolysis of nitric acid vapor (200 to 320 nm), of the
NOj radical (500 to 700 nm), and of ozone (290 to 340 nm). We
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plan to study the kinetics of the reaction of ozone and nitrogen
dioxide and the kinetics of several reactions of N,0;. We are
working on two other reactions of great importance to the prob-
lem: the formation of nitric acid (HO + NO, + M — HNO; + M)
and the interaction of peroxyl radicals with nitric oxide (HOO +
NO —~ HO + NO,).
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03:179 STUDIES IN CHEMICAL REACTIVITY. Carr, Robert
W., dr. (University of Minnesota, Department of Chemical Engi-
neering and Materials Science, Minneapolis, Minnesota 55455).
The kinetics of small molecules in both the ground and excited
electronic states are being pursued. Four investigations are cur-
rently in progress. The kinetics of hydroxyl radical reactions
are being studied in a high-velocity discharge-flow apparatus.
The equipment is being modified by the addition of a quadrupole
mass spectrometer detector to complement the line absorption
photometric techniqgue used previously. Attempts will soon be
made to investigate the kinetics of the methylene triplet ground
state and first excited singlet state by a new apparatus for flash
photolysis with time-~resolved mass spectrometry, which is just
being completed. Work is continuing on radiationless transitions
in small molecules. The 8; — T, intersystem crossing in ketene
is being studied by relating singlet and triplet methylene yields
to the primary photochemical process in ketene through techniques
previously developed in this laboratory. The reactivity of elec~
tronically excited sulfur dioxide is being investigated by the tech-
niques of kinetic spectroscopy. Spectroscopic detection of the
products of the elementary reactants is being attempted. The
kinetics of the transients so produced will be investigated.
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03:180 THE CONTRIBUTION OF ELECTRONICALLY EX-
CITED STATES TO THE RADIATION CHEMISTRY OF ORGANIC
SYSTEMS. Lipsky, Sanford. (University of Minnesota, Depart-
ment of Chemistry, Minneapolis, Minnesota 55455).

Fluorescence spectra and fluorescence quantum yields are
being determined for a wide variety of saturated hydrocarbons in
the presence and absence of quenchers and as functions of tem-
perature and exciting wavelength (from 1750 to 12504). The
objective of this work is to characterize the nature of excited
states of saturated hydrocarbons and to assess the radiative and
nonradiative contributions to the variability of their fluorescence
quantum yields with changes in structure and conformation.

Electronic energy transfer from saturated hydrocarbons to
aromatic acceptors has been observed under both vacuum ultra-
violet and gamma excitation conditions. In addition to sensitiza-
tion by the fluorescent state of the saturated hydrocarbon, there
appears to be another, longer-lived state also capable of sensi-
tizing the acceptor. This state has tentatively been designated as
the triplet state and a search for its phosphorescence and char-
acteristic electron impact spectrum is now in progress.

The fluorescence quantum yields of many liquid alkanes de-
creases with increasing excitation energy until an energy of ca
1 eV below the gas phase ionization potential is achieved. At
higher energies the yield has recently been found to increase and
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to be more efficiently quenched by electron scavengers. It is
tentatively suggested that the emission in this excitation energy
regime arises, at least in part, from ion + electron recombination
and a detailed study is now in progress to confirm this view. If
correct, the emission technique may provide a convenient tool

for the determination of ionization thresholds in condensed
phases. Additionally, by studying the recombination emission in
the presence of energy acceptors, it may be possible to deter-
mine the extent to which the electron spin relaxes prior to re-
combination with the positive ion.

With an emission spectrometer capable of measuring quantum
vields at the 107% level, we have just begun to search for fluo-
rescence from highly excited states of aromatic molecules.

Once these spectra are located and yields determined, it will be
possible to answer such questions as: What are the rates of the
nonradiative channels that deplete these states? Are these states
utilized as intermediates in cascades from still higher states to
the lowest ones? What are the G values for production of these
highly excited states under gamma excitation conditions?
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03:181 A MEASUREMENT OF DIFFUSION COEFFICIENTS OF
SHORT-LIVED SPECIES IN SOLUTION BY PHOTOCHEMICAL
SPACE INTERMITTENCY. Burkhart, Richard D. (University
of Nevada, Department of Chemistry, Reno, Nevada $9507).

Spatially inhomogeneous irradiation is being used in combination
with photochemical and photophysical processes to study the dif-
fusive behavior of short-lived species in solution. Using photo-
initiated chain reactions to monitor steady-state alkyl radical
concentrations, it has been possible to evaluate diffusion coeffi-
cients of these radical species. The mobilities of these radicals
are considerably smaller than those of the parent alkanes. Con-
firmatory evidence for this unexpected result is being sought
using a nonchain photochemical reaction.

Diffusion experiments on electronically excited molecules are
also being carried out and, at present, anthracene in solution is
the object of study. Anthracene undergoes a triplet annihilation
reaction in which one of the collision partners accepts a sufficient
amount of energy to cross over to an excited singlet state after
which it may emit fluorescence. The rate of this delayed fluo-
rescence may be used to monitor steady-state triplet anthracene
concentrations. These studies will be carried out with and without
an applied magnetic field and will utilize ruled line intermittency
patterns so that any anisotropic effects may be detected. These
studies utilize a special optical system to reduce the effective
size of the intermittency pattern by two to three times.
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03:182 TWO-PHOTON LASER PHOTO-IONIZATION OF MOLE-
CULES IN LIQUIDS. Beck, G., and J. K. Thomas. (University
of Notre Dame, Radiation Laboratory).

Electrons are produced in several organic liquids by the two-~
photon laser photolysis of dissolved anthracene and pyrene. The
rate constants for reaction of the electrons with biphenyl and O,
are measured and are in agreement with the known mobilities of
the electrons in hexane. With other hydrocarbons, however, the
rate constant for reaction of e™ with biphenyl follows the half
power of the electron mobility. The mobility of the es in various
hydrocarbon mixtures follows the exponential of the mole fraction
of the hydrocarbon with the higher mobility. Complex behavior is
observed in alcohol —hydrocarbon mixtures, which may be ex-~
plained in terms of aggregates of alcohol in these mixtures.
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03:183 EXCITED STATES IN p-XYLENE. Gangwer, T., and
J. K. Thomas. (University of Notre Dame, Radiation Laboratory).

The pulse-radiolysis- and luser-photolysis-induced processes
of p-xylene and related aromatics are being investigated. The
excited state absorption spectra for the aromatics studied yield
three distinct bands in the visible region. From temperature in-
vestigations the excimer absorption has been identified as the
low-energy band and its decay kinetics found to agree with the
corresponding first excited singlet emission. Assignment of the
high-energy band to a biradical species seems plausible at this
time. The third band occurring on the low-energy side of the
biradical peak has been tentatively assigned to the lowest triplet
state and its decay kinetics analyzed.

Scavenger experiments have been conducted on the biphotoni-
cally excited Sy state and the excited states produced by pulse
radiolysis of p-xylene. It has been found that nitrous oxide ef-
ficiently scavenges this 8, laser-produced state indicating a pos-
sible source of error in the use of N,O for electron-scavenging
experiments. Solute transfer studies indicate a total yield of
excited states of G = 4.1 with approximately equal yields of triplet
and singlet states for p-xylene. Kinetic investigations of p-
terphenyl in benzene and p-xylene indicate the triplet state of
p-xylene has a significantly longer lifetime.
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03:184 ALKANE FLUORESCENCE DECAY TIME STUDIES.
Helman, W. P. (University of Notre Dame, Radiation Laboratory,
It was generally believed until very recently that alkanes had no
excited states from which fluorescence could be observed. Fluo-
rescence of alkanes has now been established, and the role of
these states in radiation chemistry is of great interest. We are
currently examining the quenching of alkane fluorescence by added
CCly and O, using decay times measured by monophoton techniques.
By varying the temperature as well as the concentration of quencher
we are developing a model for energy migration in the excited
alkane system. Our plan is to extend the measurements to a wider
temperature range and to use additives that can fluoresce in their
own right, thereby further documenting the potential importance
of energy transfer and excited states in the radiation chemistry
of alkane systems. Mixed solvents will be further investigated,
although preliminary experiments have not shown the reduction of
quenching efficiency in them expected on the basis of energy
migration.
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03:185 CORRELATION O RADIATION CHEMISTRY AND
PHOTOCHEMISTRY OF 1,4~DIOXANE. Hentz, R. R, L. M.
Perkey and J. T. Kiwi. (University of Notre Dame, Radiation
Laboratory).

Excited states are among the transient species involved in the
radiation chemistry of a system. Therefore, complementary
photochemical studies are undertaken, using light within a range
of wayelengths from the visible region down to approximately
1100 A, to provide knowledge of the behavior of specific excited
states of a molecule. The photolysis of gaseous 1,4-dioxane at
1849 A, corresponding to absorption in the first band of the
spectrum, is currently being studied. Study of the gas-phase
photochemistry at 1470 A, corresponding to absorption in the
third and fourth bands, has been completed. Excitation at 1470 A
results in decomposition with a primary quantum yield of ¢ =
1.0 and a lifetime gf less than 107'% &; quantum yields of products
suggest that CyHgO, — C,H, + 2CH,0 with ¢ = 0.75 is the major
decomposition mode. In future work, photolysis of the liquid at
1849 and 1470 A will be studied. In addition to their intrinsic
interest, results of the photochemical work are expected to
elucidate (1) the role of excited states in the previously studied
v radiolysis of liquid 1,4-dioxane and (2) chemical behavior of
the recently reported emitting species in liquid 1,4-dioxane
excited with 1849 A light or 12-MeV electrons.
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03:186 PHOTOINDUCED LUMINESCENCE AND IONIZATION
OF ALKANES IN THE SOLID PHASE AT LOW TEMPERATURE.
"Hentz, R. R., L. M. Perkey and L. J. Sharp. (University of
Notre Dame, Radiation Laboratory).

A study of the photoionization, photochemistry, and photoexcited
luminescence of alkanes in the solid phase at low temperatures
has been initiated. A long-lived (~5 s) luminescence at ~415 nm
and a short-lived (tenths of a nanosecond) fluorescence at ~220 nm
are observed from alkane glasses y-irradiated at 77°K. The fluo-
rescence was first observed in photoexcitation of gaseous and
liquid alkanes at room temperature and was shown to be a property
of individual molecules. However, the long-lived luminescence
has been observed only from y-irradiated glasses as a consequence
of cation—electron neutralization. Thus, it is not known whether
such luminescence is a property of individual alkane molecules
(e.g., phosphorescence from a triplet state) or a property of some
kind of collective excitation characteristic of the alkane glass
(e.g., a charge-separated state). Experiments are in progress and
are planned in which luminescence from selected alkanes is
studied as a function of excitation wavelength in neat glasses and
noble gas solutions of the alkanes at temperatures near 77°K and
perhaps 4#°K. The presence of ionization will be established by
spectrophotometric and ESR detection of trapped electrons and
will be correlated with luminescence observations. Such a study
is expected to provide some insight into the ionization of alkanes
and the nature and behavior of excited states of alkanes in con-
densed media.

03:187 DECAY TIMES OF OPTICALLY EXCITED AROMATIC
HYDROCARBONS AT LOW PRESSURE: NAPHTHALENE, BI-
PHENYL, AND 2-METHYLNAPHTHALENE. Hsieh, J., J.
Balpern and P. K. Ludwig. (University of Notre Dame, Radia~
tion Laboratory}.

Examination of excited naphthalene by the monophoton technique
at a pressure of 0.07 torr, with irradiating light in the range 3080
to 2500 A shows an irregular increase in decay rate as a function
of excitation energy. The effects appear to reveal a relationship
between the natural lifetime and the energy of the vibration levels.
The oscillation is probably to be attributed to the excitation of
sequence bands,

Similar study of biphenyl reveals the existence of two different
luminescent systems describable by the relation I < exp(~t/T,) +
Bexp(-t/7,) in which generally 7, > 7,, § is always greater than
unity and 7 ® 10 7,. The values of 7, 75, and B vary with wave-
length and reveal the existence of three different regions of
excitation and the varying contributions of at least two different
vibronic systems in each case.

Work on 2-methylnaphthalene gives results remindful of naph-
thalene. However, in this current work a study, over a greater
range of exciting wavelength, of the relation between bandwidth of
the exciting light and decay rate (i.e., 1/7) reveals perplexing
relationships, the origins of which are yet to be understood.
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03:188 DIFFUSION OF REACTIVE FREE RADICALS. Noyes,
Richard M. (University of Oregon, Department of Chemistry,
Eugene, Oregon 97403).

Ultraviolet light and ionizing radiation can generate extremely
reactive radical species whose reactions are often controlled by
the rates of diffusion together. We have shown that the diffusion
coefficients of photochemically produced free radicals can be
measured by determining the dependence of their concentration
on the size of the tlluminated area in which they are produced.

By means of this technique of photochemical space intermittency,
we have measured diffusion coefficients of iodine atoms in various
solvents in order to test theories of diffusion-controlled reactions.
It would also be of great interest to measure the diffusion of
hydrogen atoms in water because these atoms are generated by
radiation in aqueous systems and in living organisms and because
it is hard to approximate their diffusive behavior with that of
stable molecules. We have attempted to measure this coefficient
by generating hydrogen atoms through photolysis of a hydrogen-
saturated solution of hydrogen peroxide, but the effort was un-
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successful, apparently because oxygen is also produced directly
by the photolysis. Other systems more suitable for this study
are heing sought.

03:189 DEUTERIUM ISOTOPE EFFECTS IN ELECTRONIC
RELAXATION OF LARGE POLYATOMIC MOLECULES. Lim,
Edward C. (Wayne State University, Department of Chemistry,
Detroit, Michigan 48202).

The objective of the project is to study deuterium isotope effect
on fluorescence of aromatic and heteroaromatic molecules (as
vapor and in solution) to gain better understanding of singlet—
triplet intersystem crossing in large polyatomic molecules. This
requires determination of quantum yield and lifetime of fluo-
rescence under various experimental conditions. The quantum
yield measurements are already underway for several compounds,
while the determination of lifetime is awaiting construction of a
time-correlated single photon counting apparatus. Our initial
efforts will be directed to the study of mechanism of singlet de~
activation in ““isolated’’ anthracene and its derivatives. Variation
of radiative and nonradiative decay rates with excitation energy,
temperature, and deuteration of the molecule will be deduced for
these systems.
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03:190 ELECTRON PRODUCTION BY PHOTOIONIZATION OF
METAL FILMS AND OF SODIUM DISPERSED IN GLASSY 3-
METHYLPENTANE. Willard, John E. (University of Wisconsin,
Department of Chemistry, Madison, Wisconsin 53706).

We have reported that ultraviolet irradiation of a matrix formed
by deposition of a vapor phase mixture of a metal {Li, K, Na, Mg,
Cd) and 3-methylpentane (3MP) at 77°K produces a narrow (0.1~
gauss) electron spin resonance singlet with several flanking lines,
all of the signals being observable only in the photostationary
state. Current investigations show that the same signals are
produced when a sodium film in an evacuated tube at 300°K is
exposed to ultraviolet radiation in the abhsence of 3MP. When a
matrix containing Na in 3MP is scraped from the cold finger in
vacuo and isolated from any metallic film, exposure to the lamp,
with a filter to remove visible and ir radiation, produces a trapped
electron ESR signal with a width (ca. 1 G) and half-life (tens of
minutes) similar to that produced by y irradiation of pure 3MP
at 77°K. Future experiments under consideration include com-
parison of the spectra, decay times, photobleaching quantum
yields, and luminescence spectra of trapped electrons produced
by photoionization of the Na in 3MP at different wavelengths with
these properties of trapped electrons produced by v irradiation
of 3MP, and by photoionization of tetramethyl-p-phenylenediamine
(TMPD) in 3MP. The source of the signals from the metal films
is also under investigation.
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03:191 ROLE OF H ATOMS IN THE RADIATION CHEMISTRY
AND PHOTOCHEMISTRY OF ORGANIC GLASSES. Willard,
John E. (University of Wisconsin, Department of Chemistry,
Madison, Wisconsin 53706).

Early work on this project showed that no trapped H atoms are
produced by v irradiation of a variety of organic solids at 4°K or
above. However, photolysis of HI present in radiolyzed per-
deuterated 3-methylpentane (C¢D,,) below 50°K produced trapped
H atoms, proving that the matrix is capable of such trapping,
and, therefore, that thermal H atoms are not produced in the
radiolyses. Photolysis of HI in CgHy,, in contrast to CgDy,, pro-
duced no trapped H atoms. In a systematic investigation of the
yields of stable products and radicals from the photolyses of HI
and DI in CgH,y and C;Dy, as a function of temperature we have
now shown that the absence of trapped H atoms from photolysis
of HI in CgHy, results from the greater ease with which hot H
atoms abstract hydrogen from C—H bonds as compared to C—D
bonds. This reduces the yield of thermalized H atoms available
for trapping to a negligible value. In future work on this project
it is planned to investigate H-trapping yields in C¢H 4 and CiDy4
ag a function of the initial energy of the H, by varying the
photolysis wavelength, and also to investigate further the kinetics
of trapped H atom production and decay, which pose significant
questions about the nature of the trapping sites,
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Long, M. A., and J. E. Willard, Properties of Trapped 1l and D
Atoms Produced by the Photolysis of HI in 3MP—dy, Glass, J.
Phys. Chem., 74: 1207 (1970).

03:192 THE GAS PHASE RADIOLYSIS AND VACUUM ULTRA-
VIOLET PHOTOLYSIS OF HETEROCYCLIC ORGANIC COM-
POUNDS. Scala, Alfred A. (Worcester Polytechnic Institute,
Department of Chemistry, Worcester, Mass. 01609),

The long~range objective of this research is the determination
of the modes of decomposition of highly electronically excited
molecules and ions, produced when relatively complex molecules
absorb large amounts of energy, either in radiolysis or in
photolysis. At present this type of information is available for
only a relatively few simple molecules, primarily the lower-
molecular-weight hydrocarbons. Presently under investigation
are cyclic ethers, sulfides, and amines.

In order to meet the long-range objective of this work, an
orderly progression of investigations through a series of complex
molecules is planned. The effects of various atoms and functional
groups upon the decomposition modes of complex molecules will
be determined.

The results of these studies will be more than just a series of
mechanisms for the compounds studied. [t is envisioned that the
kinetic and thermodynamic considerations that apply to these
systems of intermediate complexity will be useful in understanding
the interaction of high~energy radiation with still more complex
systems.
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HOT ATOM CHEMISTRY

Studies of the chemical effeets of nuclear transformation.

03:193 HOT ATOM CHEMISTRY OF CARBON AND IODINE.
Voigt, A. F.; Warren, J. L.; Elgart, M. F.; and van Qoij, W. J.
(Ames Laboratory. Chemistry Division).

Nuclear reactions that produce radioactive atoms also give
them excess energy by recoil or excitation. With this energy
they behave differently from normal atoms, and their radioac-
tivity makes it possible to observe these differences.

Hot 1C atoms produced in the irradiation of organic compounds
with high~energy photons interact with the parent compound after
most of their energy has been lost, yielding fragments, addition
compounds, and larger molecules. Fragments such as carbon
monoxide (from compounds containing oxygen) and acetylene are
formed in large yields. The carbon atoms may add to the parent
molecules yielding a product with an additional carbon or they
may serve to bind two molecules of the parent compound together.
These products are observed by radiogas chromatography and
their formation can be attributed to interaction of the carbon atoms
with the various bonding or nonbonding electrons in the parent
molecule.

The beta decay of several tellurium isotopes produces radio-
active isotopes of iodine with excess energy of excitation. The
behavior of hot iodine atoms, after other methods of production,
has been studied intensively, providing a basis for comparison’
for the beta decay study. Thus, it can be determined whether the
particular mode of production has an important effect on the chemi-
cal behavior of high-energy iodine atoms.
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Jewett, G. L., and A, F. Voigt, Itecoil Reaction Products of H1C
in Cg Hydrocarbons, J. Phys. Chem., 75: 3201 (1971).

Voigt, A. F., G. F. Palino, and R. L. Williams, Reactions of Re-
coil Carbon Atoms with Oxygen Containing Molecules. II.
Structural Dependence of Carbon Monoxide Yields, J. Phys.
Chem., 75: 2248 (1971).

Williams, R. L., and A. F. Voigt, Reactions of Recoil Carbon
Atoms with Oxygen Containing Molccules. II1. Reaction
Mechanisms in Methanol, J. Phys. Chem., 75: 2248 (1971).

03:194 CHEMICAL EFFECTS OF NUCLEAR TRANSFORMA-
TION. Hillman, M.; Nagy, A.; Weiss, A. J. (Brookhaven Na-
tional Laboratory. Department of Applied Science).

This program has two parts: (1) to study the fate of hot tellu-
rium atoms following an Auger cascade, and (2) to study retentions
in organometallics following the capture of neutrons by the nucleus
of the metal atom. ’

We have recently completed the study of the decay of *I[ and
have observed similarities with and differences from the decays
of P*MTe and 2™ Te, Further study is planned with various Sh
isotopes that decay to Te. In the solid state the retention of
1,1 -trimethylencferrocene was found to be half that of ferrocene.
This study will conlinue with the study of the retentions of 1,1'-
trimethylenetitanocene dichloride and the analogs of zirconium
and hafnium, and of 1,1’:2,2’-bis(trimethylene)ferrocene and the
1,17,3,3’ -derivative.
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Harbottle, G., and M. Hillman, Szilard— Chalmers Processes for
Isotope Production, in Radioisotope Production and Quality Con-
trol, Technical Reports Series, No. 128, pp. 617-632, Interna—
tional Atomic Energy Agency, Vienna, 1971 (STI/DOC/10/125).

Hillman, Manny, and Allen J. Weiss, Chemical Effects of the [so-
merie Decay of B™Te and #*™Te in Aqueous Solution, Radio-
chim. Acta, 15(2): 79-83 (1971).

03:195 INORGANIC HOT ATOM CHEMISTRY. Harbottle,

G. (Brookhaven National Laboratory, Chemistry Department).
The study of hot atom chemistry (chemical effects of nuclear
transformation) in the solid state allows one to determine (a) the
chemical reactions of atoms formed in states of high kinetic or

electronic excitation energy in crystals, and/or (b) the slow,
thermally induced annealing reactions by which such atoms, at
rest in the crystal, can be made to change their chemical forms
Since hot atoms in crystals often give rise to labeled interstitiai
species or to chemiecal structures that may be regarded as im-
purities in the host lattice, hot atom chemistry is the chemica’
analogue of the study of defects, color centers, etc., in solid
state physics. .

Another interesting parallel is the thermal spike concept of ra-
diation damage in solid state physics. In the chemical investiga-
tions of our program, evidence is sought for chemical reactions
taking place in the thermal spike., This cvidence is then rational-
ized by solid state theory. It is desired to broaden these studies
to include M&sshauer and/or perturbed angular correlation mea-
surements to provide a better understanding of the chemistry of
recoil atoms in situ in crystals.
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Radiochim. Acta, 14: 109 (1970).

03:196 EFFECT OF DEFECTS ON POSITRON ANNIHILATION.
Lambrecht, R. M. (Brookhaven National Laboratory, Chemistry
Department).

The objectives of the program are to study the interactions of
positrons and the hot atom chemistry of positronium in matter. The
The annihilation of a positron is predominately accompanied by the
emission of two 511-keV photons. The angular correlations and the
rates and intensities of the annihilation photons provide a method of
nondestructive physical-chemical measurements. The change in
photon energy and the angular deviation of the two photons from
180° are related to the momentum distribution of the center-of-
mass of the annihilating electron— positron pair. While positron
annihilation processes have been studied under many conditions,
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the role of defects on the annihilation processes is not well under-
stood. Results of several workers suggest that variations in

Doppler line width and annihilation rates are due to the electronic
environment associated with the defects and to an increased prob-

ability of annihilation with conduction electrons relative to annihila-
tion with core electrons. A high-resolution Ge(Li} detector is being

used for characterizing the electronic environment sampled by
positrons in solid state matrices, such as silver halide, that have
been doped with defects by high-energy ion implantations. The
Doppler-broadened spectrum is expected to vary with the nature
of the defects, the spatial distribution of the ions, the matrix, etc.
Positron annihilation rates and the diffusion rates of positrons in
doped ionic crystals and metals will be determined when possible.

03:197 HOT ATOM CHEMISTRY AND REACTION MECHA-
NISMS. Wolf, A. P. (Brookhaven National Laboratory, Chem~
istry Department).

Atoms or molecular fragments having nonequilibrium distri-
butions of translational and internal energy are produced by
nuclear transformations, by photon irradiation, and in micro-
wave plasmas. Experimental studies of the reactions of these
hot atoms or radicals are of particular interest because a gen-
eral theoretical treatment of such reactions is lacking. The
emphasis is on the study of primary events in fast chemical
reactions.

The mechanism of ethylene production in reactions of !'C
atoms is being investigated. Work on reactions of 1!C with
simple halocarbons will be continued and the observations will
be correlated with the results of theoretical calculations. Re-
actions of vinyl radicals are being studied in order to correlate
reactions of these radicals with purported intermediates in hot
atom reactions. Several cyclotron-produced nuclides will be
used in investigations of hot halogen-atom reactions at struc-
turally controlled sites such as asymmetric centers.

Microwave discharge production of tritium atoms is being used
to label molecules to high specific activity. Tritium-~labeled hor-
mones, peptides, and proteins prepared in this manner have been
found to retain their biological activity. This work will focus on
the repair mechanism, which permits the production of peptides
of specific activity much greater than that of the constituent in-
dividual amino acids. The direct observation of atoms (C, Si,
Ge, halogens) in excited states, and the determination of their
rates of reaction with a variety of substrates, involves vacuum
uv spectrophotometry coupled with a microwave discharge gen-
erator as the atom generation source. This method is currently
being applied to the observation of chlorine atoms in the first
excited state and to the study of their reactions with alkenes and
other reagents.
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Carbon Produced in Decomposition of Organic Compounds in a
Microwave Plasma, J. Phys. Chem., 75: 445 (1970).

Shevlin, P. B., and A. P. Wolf, The Formation of Carbon Atoms
in the Decomposition of a Carbene, Tetrahedron Lett., 46:
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Lambrecht, R., N. Furukawa, and A. P. Wolf, Evidence for 11
Stripping and Abstraction Reactions Leading to Acetylene For-
mation, J. Phys. Chem., 74: 4605 (1970),

Majerski, Z., 8. H. Liggero, P. v. R, Schleyer, and A. P. Wolf,
The Degenerate Isomerization of Adamantane, Chem. Commun.,
1596 (1970).

03:198 NUCLEAR MEDICINE AND RADIOPHARMACEUTICALS
LABELED WITH ISOTOPES OF SHORT HALF-LIFE. Wolf, A. P.
(Brookhaven National Laboratory, Chemistry Department).

Five years ago, the Chemistry and Medical Departments began
collaborative research in nuclear medicine. This has expanded
into a vigorous and diverse program utilizing short-lived, cyclo-
tron-produced isotopes. Research experience in nuclear chem-
istry, hot atom and radiation chemistry, organic synthesis, and
radiochemical assay procedures is brought to bear on the prepa-
ration of compounds labeled with these isotopes. Radiopharmaceu-
ticals are used in tumor detection, in the diagnosis of metabolic
disorders and organ malfunction, and in therapy.

He-[abeled amino acids, sugars, and other physiologically active
compounds are being produced in research quantities. New meth-
ods of producing large quantities of carrier-free H'!ICN, an im-
portant synthetic intermediate, are being developed. %% produc-
tion will be expanded, with emphasis on new intermediates and on
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the incorporation of this isotope into physiologically active com-
pounds. 8F research will be directed towards the production of
F,—¥F, H®F, CF30!8F, and other labeled intermediates to be
used in the preparation of compounds such as 5~fluorouracil, 5-
fluorocytosine, and steroids. 0, 13N, other halogen isotopes, and
platinum isotopes will be among those used in new research di-
rections.

Pure research applications of short-lived isotopes will also
continue, emphasizing more detailed studies of DNA synthesis
with the high-specific-activity thymidine-!!C successfully pre-
pared at BNL.
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03:199 NUCLEAR RECOIL STUDIES IN CHEMICAL DY~
NAMICS AND RADIATION CHEMISTRY. Root, John W. (Uni-
versity of California, Department of Chemistry. Davis, Cali-
fornia 95616).

The broad objectives of this research include the following:

(1) to provide new systematics information pertaining to chemical
reactions at very high energies; (2) to provide definitive laboratory
tests for current theories that relate to high-energy chemistry;

(3) to provide new knowledge about the behavior of molecules under
conditions of very large internal excitation; (4) to provide new in~
formation about molecular properties through high-energy chem-
istry research; and (5) to elucidate any special effects that may
arise in radiation chemistry induced by fast neutrons.

Both recoil BF and 33Cl are generated for hot atom experiments
via cyclotron-produced fast neutrons, In the hot atom work we
seek generalized systematics, energetics, and molecular dynamics
descriptions for the unique chemical processes that occur at high
energies. Through carefully chosen experiment sequences, we
hope to be able to determine whether common features exist be-
tween the potential energy surfaces for high-energy reactions
taking place in different experimental systems. Current results
suggest that the respective hot ¥-for-F and F-for-H atomic sub-
stitution, hot F-for-R alkyl replacement, and hot ¥F~to-HF abstrac-
tion processes are strongly similar in fluoroethanes. Preliminary
evidence has also been obtained for hot Cl-to-HCI abstraction in
alkanes, and we are attempting to determine whether the hot Cl-
for-H, Cl-for-F, and Cl-for-Cl processes take place at the typi-
cally large reaction energies that are characteristic of the
analogous F-atom processes. During the coming year classical
trajectory and molecular beam methods will be employed to
augment the nuclear recoil techniques. A new investigation into
the nature of fast-neutron-induced radiolysis has been initiated
using cyclotron-produced fast neutrons. The zero degree neu-
tron velocity spectra and thick-target yields have been measured
for (d,n) reactions in Li, Be, C, and Al between 15 and 40 MeV.
Other efforts in the radiolysis work have been restricted to the
development of suitable fast-neutron dosimetry methods for ap-
plications in aquecus media,
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————, N. J. Parks, and J. W. Root, Chemistry of Nuclear Recoil
18F Atoms. VI. Approximate Energetics and Molecular Dy-
namics in CH;CFy, J. Chem. Phys., 55: 5785 (1971).

03:200 CHEMISTRY OF TRITIUM AND HALOGENS FORMED
WITH NUCLEAR RECOIL ENERGY. Rowland, F. S. (University
of California, Departinent of Chemistry, Irvine, California 92664).

The basic purpose of this research is the understanding of the
chemical reactions initiated by atoms with excess translational
energy (hot atoms). We are trying to extend our knowledge of the
mechanisms through which chemical changes occur beyond that
based on thermal reaction systems, and hot atoms are an espe-
cially convenient form of nonthermal reactant. Since the radio-
active atoms formed by nuclear reactions are almost invariably
highly excited, such nuclear processes are advantageously used
in these studies. An inevitable practical by-product of these ex-
periments is that some knowledge is gained of the chemical condi-
tion of those radioactive atoms formed in nuclear processes when-
ever and wherever they occur. Our current experiments rely mos®
heavily on the formation of tritium atoms by the nuclear reactions
5Li(n,a)T and *He (n,p)T, and of fluorine atoms from the nuclear
reaction, *¥(n,2n)8F.

We have emphasized precision quantitative measurements of
product yields from carefully controlled reactions with simple
molecules, usually in the gas phase. These choices have been
made because the predictions of different theories concerning the
importance of various factors in controlling these reactions often
are rather similar and can be distinguished only with good ac-
curacy in relative yield measurements.

Recent experiments with tritium atoms from nuclear recoil
have emphasized the importance of chemical factors (bond energy,
electron density, electronegativity) in contrast to physical factors
(substituent mass, inertia, steric effects) in the control of such
reactions. TFurther confirmation is being sought, especially for
H-atom abstraction from substituted ethylenes and from bhonds to
Si, O, and N. Other experiments are being carried out at —196°C
to determine the effects of low temperature and solid phase on
the stabilization of excited product molecules.

Much less is known about the reactions of fluorine atoms, ther-
mal or hot, than is known about hydrogen atoms. We are con-
currently investigating the reactions of both hot and near-thermal
BE atoms. In 50—50 SFy-substrate mixtures, hot reactions are
readily observed while most 8F atoms react while essentially
thermal in energy when S¥g has a mole fraction >0.95. Current
experiments are emphasizing the substitution reactions of 1*F-
for-halogen in alkyl halides, the abstraction of I by thermal ¥F
atoms, and the various addition processes with olefins. Simple
substrate molecules are heing used to reduce the number of un-
usual ¥I-labeled molecules found as products. After a number of
simple systems are well understood, later cxperiments can con-
centrate on the identity and yields of these unusual species.
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03:201 STUDIES IN HOT ATOM AND RADIATION CHEM-
ISTRY. Koski, Walter S. (The Johns Hopkins University, Chem-
istry Department, Charles and 34th Streets, Baltimore, Maryland
21218).

The objective of this study is to investigate certain elementary
chemical events that will lead to an understanding of the processes
taking place in radiation, and hot atom chemical reactions, and
the chemical effects associated with nuclear transformations.

The light emitted by proton (2-MeV)-irradiated water vapor and
liquid water is being studied initially in the visible region with the
immediate objective of definitely identifying some of the inter-
mediates that play 2 role in the radiation chemistry of water.
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Electrons play an important role in radiation chemical effects;
consequently, we are studying the energetics of electron fragmen-
tation. The thresholds, for production of positive, negative, and
coincident ion pairs will be measured using a newly completed ion
pair mass spectrometer. The electron beam in this instrument
has a full width at half maximum of 50 millivolts and the energy
can be varied from a few eV to 200 eV. The halogenated methanes
will be studied first.

In many nuclear reactions the products initially start out as
multiply charged ions. We plan to study the charge states of fast
nitrogen ions produced by the 2C(d,n)!’N reaction. We have pre-
viously studied some hot atom chemical reactions involving this
nuclear reaction and the present and future study is an attempt to
further map out the elementary steps that contribute to the radia-
tion chemistry and hot atom chemistry of the system.

In view of the fact that ions play an important role in radiation
and hot atom effects, we have in progress a study of ion—molecule
reactions that might be important in post nuclear processes. The
reactions of C* ions are being studied with a number of target
molecules over an energy range of 2 to 200 eV. In view of the
large amount of fluorine hot atom work that has been carried out
and since ionic fluorine probably plays an important role in these
processes, it is planned to study the reactions of Tt jons with a
number of target molecules.
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03:202 GAS PHASE REACTIONS OF HOT TRITIUM ATQAMS
WITH CYCLOHEXENES. Markowitz, S. S. (Lawrence Berkeley
Laboratory, Nuclear Chemistry Division).

The purpose of this research is to contribute toward under-
standing of chemical reactions of fast-moving atoms and ions
following a nuclear reaction. The reaction studied mainly is the
3He(n,p)T reaction with hot tritium ions and atoms produced in
the Berkeley Campus Nuclear Reactor. Triton addition and uni-
molecular decompositions in the gas phase are being studied with
special techniques developed for gas phase chromatography and
proportional counting of the tritium. Cyclohexene and substituted
cyclohexenes are being investigated and two papers have been
submitted dealing with sulfur dioxide as a radical scavenger in
alkene systems and with scavenger effects of H,S, butadiene-d;,
0,, and 80, in T + cyclohexene gas phase systems. A high-tem-
perature irradiation apparatus is being completed for irradia-
tions in the reactor at temperatures up to approximately 200°C.

Recent work has indicated the possibility of obtaining kinetic
data directly from hot atom reactions of tritium to give methyl
radical reactions. Work will continue in this field in 1973 and
1974, The above research is due mainly to Ph.D. candidate,
Darrell C. Iee.

03:203 HALOGEN ATOMIC REACTIONS ACTIVATED BY
RADIATIVE NEUTRON CAPTURE AND ISOMERIC TRANSI-
TION. Rack, Edward V. (The University of Nebrasgka, Lincoln,
Nebraska 68508).

By employing the freeze—thaw technique, radiogas chromatog-
raphy and other methods for determining organic and product
vields induced by the radiative neutron capture (n,¥y) and isomeric
transition (IT) processes, hot atom reactions of chlorine, bromine
and iodine are being studied extensively in various gaseous, liquid,
and solid halomethanes and hydrocarbons. The reactions of %8Cl,
80y, B0mpy B2py D8] apd 1307 + 130 activated by radiative neu-
tron capture und isomeric transition will be investigated in more
detail, with special attention given to the effects of density and
phase on product vields and the bromine isotope effect. Reactions
of 181 and 3T with various gaseous, liquid, and solid olefins will
be studied employing iodine, rare gas moderators or molecular
additives in an attempt to learn more about the mechanism of hot
and thermal iodine reactions. The (n,y)-activated reactions of
B¢l will be investigated by radiogas chromatography in the CH,
and CD, systems employing rare gas and molecular additives. The
stereochemistry of hot ®3Br and 1% reactions will be studied em-
ploying the Brookhaven National Laboratory 60’ cyclotron. The
general applicability of kinetic theories to heavy halogen gaseous
systems will be studied. Of importance will be the calculation of
the kinetic energy spectra of hot atoms activated by radiative neu-
tron capture using computer techniques.
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13:204 POSITRONIUM CHEMISTRY. Tao, S.J. (The New
©ngland Institute, P. O. Box 308, Ridgefield, Connecticut 06877).

We are studying the reactions of positronium, the lightest hot
atom, in molecular liquids and solids. There were two funda~
mental properties of positronium not clearly understood — the
exact state of positronium in a solvent and the kinetics of positro-
nium reactions. We have found and proved that pesitronium atoms
in various liquid solvents can be treated classically as ordinary
atoms or molecules, even in their limited lifetime of about 10 ~*
sec. The behavior of positronium in a solvent can be correlated
to the properties of the solvent. We are studying the kinetics of
positronium reactions in various solvents with iodine, benzo-
quinone, and others as solutes. We are also studying the exact
state of positronium and the kinetics of positronium reactions in
molecular glass solids. At present, we are using polyglycols as
the medium system. From this study, we are hoping to understand
more about the differcnce between the hot atom reactions in glass
solids, such as the frozen solvated electrons, and the hot atom re-
actions in liquids. Furthermore, we are studying the positronium
reactions with chlorine, bromine, iodine, nitric oxide, and others
in various media. We feel that from the work we are doing now
we are making a solid foundation for the study of positronium re-~
actions, hence, hot atom reactions. We are planning to continue
our study in two directions. First, we shall investigate quanti-
tatively the hot atom reactions that lead to the formation of
positronium atoms, Second, we shall study more about the kinetics
of positronium reactions with simple atoms and molecules and hot
atoms.
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03:205 REACTIONS OF HIGH-ENERGY RADIOACTIVE ATOMS
RESULTING FROM NUCLEAR TRANSFORMATION IN THE SYS-
TEMS OF SILICON-CONTAINING COMPOUNDS. Tang, Yi-Noo.
(Texas A&M University. Department of Chemistry. College Sta-
tion, Texas 77843).

The major objectives of this study are to investigate the hot
318i and 3P atom reactions in the gas phase and to study chemical
reactions involving other hot atoms with silicon-containing com-
pounds. Recoil 1Si atoms are formed from the nuclear transmu-
tation ¥'P(n,p)3!Si by fast neutrons either converted from a 20-
MeV deuteron beam of a cyclotron or derived from the screening
of thermal neutrons of a nuclear reactor. *8i may undergo ab-
straction reactions to give 31SiH, or #SiF,, which can be trapped
by butadiene to form silacyclopent-3-ene or 1,1-difluorosila-
cyclopent-3-ene. Reactions of silicon atoms in the presence of
other olefins are also under study. Recoil phosphorus atoms are
obtained via ¥ P(n,7)%2P. 1t is possible to derive the degree of
partial and total retention of bonds in PF; following the above nu-
clear transformation. Experiments are also in progress to reveal
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the controlling factors for 3P abstraction reactions to give %2PH,
or ®PFy us the final product. Recoil tritium and vecoil halogen
reactions with silicon-containing compounds such as silane, the
methylsilanes, and the halomethylsilanes have indicated that
chemical factors such as bond dissociation energy and inductive
effect are operating during these hot atom reactions.
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03:206 GAS PHASIE STUDIES OF THE KINETICS AND MECHA-
NISMS OF HIGH-ENERGY SULFUR ATOM REACTIONS AND SOME
NOVEL ASPECTS OF HOT HALOGEN REACTION. Spicer, Leon-
ard D. (University of Utah, Department of Chemistry, Salt Lake
City, Utah 84112).

Gas phase reactions of translationally excited 38, 3Cl, and 31
are being studied to characterize molecular dynamics of reactive
and nonreactive collisions at energies significantly above thermal
thresholds for reaction. The few previous studies of hot sulfur
atom reactions have clearly indicated the complexities involved
in such polyvalent, reactive systems. This research is presently
directed toward identifying basic mechanistic paths for reaction
of sulfur atoms in alkane, alkene, O,, H,8, SO,, and H, reactant
systems. Differences in reactivities between n; ¥; and n; p-
generated 358 recoil atoms are also being investigated.

Utilizing known primary reactions of nuclear recoil chlorine
atoms, a study of secondary reactions of high-energy hydrogen
chloride molecules is proposed. This investigation is designed
to answer a fundamentally important question regarding the
availability of efficient, limited, and discrete reaction paths for
high-energy polyatomic reactants. This is to be compared with
hot atom chemistry where such channels have been demonstrated
but for which fewer degrees of freedom in the projectile are
available. Studies of reactive deuterium isotope effects in hot
chlorine atom systems are also heing expanded in an effort to
identify dynamical reasons for observed differences in reaction
efficiencies,

A study of energy transfer efficiencies from systems chemi-
cally activated by reaction of recoil hydrogen is also proposed.

It has been demonstrated by other investigators that molecules
formed in such reactions may have much higher internal excita-
tion than was previously anticipated. The dynamics of collisional
stabilization from such very-high-energy states is heing investi-
gated.

03:207 REACTIONS OF CHARGED AND NEUTRAIL RECOIL
PARTICLES FOLLOWING NUCLEAR TRANSFORMATIONS.
Ache, Hans J. (Virginia Polytechnic Institute and State Uni-
versity, Department of Chemistry, Blacksburg, Va. 24061).

An important but still little understood field of fundamental
chemical kinetics in the area that deals with those chemical re-
actions that occur above the threshold or activation energy. In
this program translationally hot species (atoms or ions) are
generated following nuclear reactions and their interactions with
various substrates are studied in order to assess the reaction
efficiencies as a function of the kinetic energies associated with
the reactants.

The dependence of the lifetime of the positronium atom (Ps),
which is the bound state of a positron and electron, on its en-
vironment allows the study of hot and thermal reactions of this
species (separately from each other) with various substrates hy
simple lifetime measurements. This method will be applied mainly
to assess the effect of intrinsic and thermodynamic energy har-
riers on the reaction rates of Ps with solutes in aqueous solutions
as a function of the kinetic energy of the Ps.

Nucleogenic Br*! ions will be used to evaluate statistical, geo-
metrical, bond energy, and electronic effects on the cross sections
of electrophilic Br* substitution in halogenated aliphatic hydro-
carbons and organic molecules in general,

Energetics and mechanisms involved in the reactions of energetic
11C atoms with organic molecules will be studied in view of possible
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applications of this method to the preparation of '1C-labeled radio-
pharmaceuticals.
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03:208 REACTION STUDIES OF HOT SILICON AND GER-
MANIUM RADICALS. Gaspar, Peter P. (Washington University,
Department of Chemistry, Saint Louis, Missouri 63130).

We are studying the reactions of recoiling silicon and germanium
atoms in order to understand the interplay between structure and
energy as factors that determine what happens in a reactive col-
lision between an atom and a molecule -—a fundamental chemical
process.

We have carried out experiments of various kinds:

1. Since polyvalent free atoms are difficult to produce for
study by other kinetic techniques, the recoil technique has been
the method of choice for silicon and germanium. The operative
reaction mechanisms and the important reaction intermediates
have been identified by determining the effects on product yields
of changes in reaction conditions. Silylene (SiH,) and germylene
(GeH,) are the principal product-forming intermediates in the re~
actions of silicon and germanium atoms in silane and germane,
respectively.

2. It has been our experimental philosophy to complement recoil
studies with experiments in which probable intermediates in the
recoil reactions are produced in macroscopic amounts to facilitate
direct rate measurements. Separate studies of individual reactive
species illuminate their roles under the complex conditions of a
recoil experiment. Silyl radicals (- SiHy) have been studied by a
new flash photolysis—electron spin resonance technique. Free
silicon and germanium atoms have been produced in a flow system
for kinetic studies and detected by atomic absorption spectroscopy.

3. The reactions of Si*, SiH*, SiH}, and SiH} with silane and
methane have been studied by ion cyclotron resonance spectros-
copy. Knowledge of these and other secondary ion—molecule re-
actions have permitted the definite conclusion to be reached that
positive ions are involved in the recoil chemistry of silicon,

We are concentrating now on the primary reactions of recoil-
ing silicon and germanium atoms. A complete picture of the reac-
tion sequence which leads from recoiling atoms to chemically
stable products is being developed. The next phase of our work
is to elucidate the details of the primary steps and to obtain the
excitation functions, the reaction cross sections as functions of
energy.
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KINETICS AND MECHANISMS

Studies of the kinetics and mechanisms of gas phase rcactions
and reactions in solution, including crossed molecular beam ex-
periments.

03:209 LIGAND SUBSTITUTION AND ISOTOPIC EXCHANGE®
FOR SOME SQUARE-PLANAR PLATINUM COMPLEXES. Martin,
Don 8. (Ames Laboratory, Chemistry Division).

The extent to which chloride and bromide ligands of several
squarc-planar platinum complexes are replaced by water is being
measured by rapid titrations of the acidic protons of the aquo-
ligands with automatic titration equipment. In this way not only
will the extent of aquation at equilibrium be evaluated but the rates
of replacement of the halide ligands will be determined for the
cis-dichlorodiammineplatinum(Il) and for the cis- and trans-di-
bromodiammineplatinum(Il). Alternative methods that involve
potentiometric titrations with a selective bromide indicator elec-
trode together with the measurement of ionic conductance will be
utilized to follow the loss of bromides from dibromo-{o-phenan-
throline)platinum(ll) in nitromethane solvent.

The rates of replacement of halide ligands by the same halide
will be studied with the radioactive tracers Cl and #2Br. Atten-
tion will be directed to some previously unexpected but recently
demonstrated mechanisms in which one complex species, for ex-
ample PtBr{~, cither catalyzes the exchange of bromide ligands
for another complex with free bromide or else trades its bromide
ligands with another complex without forming a free bromide inter-
mediate. Although such processes have been found in bromide
systems, an examination of chloride systems is just underway.
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03:210 APPLICATIONS OF CHEMICAL ACCELERATOR-
CROSSED BEAM FACILITY TO STUDY OF ATMOSPHERIC
CHEMISTRY. Wexler, S. and E. K. Parks (Argonne National
Laboratory, Chemistry Division}. -

The species of greatest importance in the chemical processes
that occur in the atmospherc are the diatomic molecules Hy, Oy,
and CO; the triatomic molecules O,, CO,, and H,0; and the free
radicals OH, O, 11O,, and H. In addition, several pollutants are
of considerable importance — the nitrogen-containing compounds
NO, N,O, NO,, and NHjy: the sulfur-containing compounds SO, and
SO3; metallic atoms such as the alkalis, Mg, and Fe, and par-
ticulate matter such as in acrosols. These species, either in their
ground states or excited, react and/or are formed in the individual
steps in often long chains of consecutive and competitive chemical
reactions. Usually, the reactions are exoergic, but frequently they
require activation energies, and some consequently are the rate-
determining steps in the chains of reactions.

In order to understand, and hopefully control, the bulk chemistr;
of the atmosphere, quantitative information is required on the
microscopic collision processes leading to the products observed
macroscopically. The necessary data are the relative and absolute
cross sections as functions of the relative kinetic energy and in-
ternal energies of the two reactants, and the mechanisms and
dynamics of the collision process. Such information may be ob-
tained most effectively by the use of molecular beams,

The Aerodynamic Chemical Accelerator is capable of acceler-
ating several molecules of interest in atmospheric chemistry to
well defined kinetic energies in the region from 0.5 to 10 eV, which
is the range in which these endoergic reactions or reactions re-
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quiring activation energies take place. Alterations in the machine
are presently being designed to make possible the determination of
excitation functions for the reactions

SO, + Oy — SOf + O,

NQ + O3 =~ NOF + O,y

and

where the underline signifies the accelerated collision partner.
Chemiluminescence from the reactions (assumed here to be radi-
ation from the excited products denoted by asterisks) will be ob-
served by photon counting through interference filters, As the
research program proceeds, a small fast optical spectrograph will
be installed to facilitate identification of the products and to allow
a more detailed study of the various reaction channels. Reactions
of metastable species may also be studied with this accelerator.
Examples are

NO* + 05
NOF + O7
SO$(B) + CO — COF + SO
SO#(*B) + SO, — 8O + SOf

NO* + 0y

Beamnis of the metastable species will be produced by electron
bombardment of the expanded jet.

The Cathode Sputtering Chemical Accelerator will accelerate
metallic atoms to well defined kinetic energies in the range from
0.5 to 150 eV. This machine may be employed to study the dy-
namics and mechanisms of reactions of metallic pollutants in the
atmosphere, e.g., Na, Fe, Hg, Cu, Zn, Se, and Mg, with normal
atmospheric gases and pollutants, such as Oy, O3, NO, and CO,.

03:2Mm APPLICATIONS OF CHEMICAL ACCELERATOR-
"ROSSED BEAM FACILITY TO STUDY OF REACTIONS OF
ATOMIC AND MOLECULAR HYDROGEN. Wexler, S, and E. K.
2arks (Argonne National Laboratory, Chemistry Division).

Plasma arc jets have been used successfully to produce beams
of fast He and Ar atoms with kinetic energies of several electron
volts, Attempts will be made to adapt this technique for the pro-
duction of beams of H and D atoms. The energy range of D atoms
may be extended by seeding D, in H,. If stable beams of fast hy-
drogen and deuterium can be achieved by this method, the source
will replace the sputtering source on the Cathode Sputtering Ac-
celerator, and the energetics and dynamics of the reactions of
these fast atoms will be studied. Some reactions that lend them-
selves for observation by this approach are important in atmo-
spheric chemistry.

H+0;
H+0,—OH*+0

Reactions of importance in hot atom chemistry also appear fea-
sible. These include hydrogen and halogen displacement in hydro-
carbons and halogen-containing organic compounds, respectively.
The chemiluminescent radiittion from the reactions may possibly
be detected by a photomultiplier after passing through an inter-
ference filter, but the angular distribution of the products should
be determined by ionization followed by mass spectrometric analy-
sis.

Fast Hy, D,, and T, molecular beams with well-defined energics
in the range from 5 to 100 ¢V and higher have routinely been pro-
duced in the Ion Accelerator. Combination of the acceleration-
neutralization section of this accelerator with the detection sec-
tion of the aerodynamic machine may make possible studies of
reactions of these energetic molecules with organic and inorganic
molecules, illustrations of which are double bond addition and
hydrogen displacement. These reactions can be studied if chemi-
luminescence from the reactive collisions can be observed and
analyzed.

03:212 CROSSED-BEAM STUDIES OF REACTIONS OF AC-
CELERATED ATOMS AND MOLECULES. Wexler, 8., E. K.
Parks, C. E. Young, and R. B. Cohen (Illinois Institute of Tech-
nology).

An extensive and diversified program of research in the disci-
pline of colliding fast (0.5~ to 150-eV) molecular beams is in
progress. By this approach it is possible to elucidate the detailed
characteristics of chemical reactions that are endoergic or re-
quire activation energies. Such reactions comprise most of
chemistry. Characteristics such as the threshold laws, the energy
dependences of the cross sections, and the collision dynamics of
the various reaction channels give an insight into the fundamental
processes occurring in chemical reactions. Three unique chemi-
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cal accelerator-crossed beam machines have been constructed and«
are currently in operation. The machines are based on three dif-
ferent and widely applicable methods of acceleration of atoms and
molecules into the range of energies where they can react. The
three techniques adopted are aerodynamic acceleration in seeded
supersonic jets, cathode (surface) sputtering, and ion acceleration
followed by neutralization (by near resonance charge exchange).
Each accelerator has been designed to facilitate the study of cer-
tain broad classes of reactions. In addition, sections of the ma-
chines are interchangeable, so as to allow the use of a great num-
ber and variety of collision partners.

Using the Aerodynamic Chemical Accelerator, we have recently
completed determinations of the threshold energies and the excita-
tion functions (i.e., absolute cross sections as functions of the col-
lision energy) for polar ionization of the thallium halides by colli-
sion with Xe(Kr) atoms with well-defined kinetic energies up to
15-eV(10-eV). Measurements were made on both monomer and
dimer molecules, and the various reaction channels were identified
by time-of-flight mass spectrometry, Near future investigations
will be on collision-induced ionization of alkali halides, of ura-
nium oxides, and of some metals. T
" The Cathode Sputtering Accelerator is currently being employed
in the investigation of the dynamics of inelastic collisions of ac-
celerated metallic atoms. The angular distributions of positive
ionic products from collisions of fast Li, Ph, Ag, and Al atoms
with Br,, SF;, O, HBr, Cl,, etc., have been measured as functions
of the collision energy, and from these experiments have come de-
tails of the dynamics and energetics of the medium energy colli-
sion processes. The program will continue with measurcments on
the angular distributions for the negative species formed in the
above collisions and the study of associative ionization of fast
metallic atoms with molecular and atomic collidants.

The Ion Accelerator has recently been converted into an instru-
ment for the investigation of chemical sputtering of materials be-
ing considered for containment vessels in controlled lﬁw&g
reactors. Beams of Df ions of well-defined energy in the range
from 10 to 300 eV have been impinged on heated niobium surfaces,
and the ejected species analyzed by mass spectrometry. An
alternative experiment involves collecting the ejected niobium
on a platinum catcher and later measuring the amount deposited
spectrochemically. Thus far, no niobium has been observed by
either method, and a preliminary sputtering yield of <0.05 has
been assigned. The research is continuing in an effort to enhance
the sensitivity of the experiment and to extend the range of kinetic
energies, target temperatures, and nature of the impinging par-
ticle,
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03:213 RESEARCH WITH MOLECULAR BEAMS OF SHOR'T -
LIVED RADIOACTIVE NUCLIDES. Grover, J, Robb. (Brook-
haven National Laboratory, Chemistry Department).

In crossed beam systems that employ labeling with radioactive
nuclides and counting of nuclear disintegrations for detection, the
signal-to-noise ratio is 2 maximum if the half-life is comparable
to the travel time of products from the interaction region to the
detector. Advantages of using this principle are: (1) high detection
efficiency; (2) modest vacuum requirements; (3) good generality,
since most elements possess at least one isotope of suitable life-
time (1075 to 107! sec); (4) accessibility of highly unstable beam
species, made possible by tracer intensity; (5) practicability of
species-specific surface phenomena for detectors; and (6) multiple
deployment of detectors, due to small bulk, This is the only tech-
nique offering sufficient generality and sensitivity to comprise a
real alternative to the crossed-beam supermachines, which, al-
though extensively developed and in wide use, have limited capa-
bility. A prototype apparatus has been constructed to study the
reactions M + HAt == HM + At using 0.032-sec ?'"At, M being an
atom or molecule. Experimental testing has verified the thco~
retically expected sensitivity for scattering in crossed molecular
beams and has shown that reaction hetween HAt and Br apparently
takes place with high enough cross section to allow detailed study.
Experiments for consolidation of the latter result and investiga-
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tions of other systems are under way. Future plans include con-
struction of apparatus for velocity resolution of scattered products,
‘and development of molecular beams of short-lived nuclides gen-
erated on-line using cyclotron beams.
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03:214 USE OF PERTURBED ANGULAR CORRELATIONS FOR
MEASUREMENT OF CHEMICAL REACTION RATES IN FLUID
PHASES. Grover, J. R., and R. A. Holroyd. (Brookhaven Na-
tional Laboratory, Chemistry Department},

Time-differential measurement of the angular correlation of
nuclear two-photon cascades offers a way to study chemical re-
actions on a time scale comparable to the lifetime of the inter-
mediate state involved in the cascade. The rate of decay of the
angular correlation depends on the tumbling rate and structurc of
the radioactive molecule, and is therefore sensitive to chemical
alterations of the molecule that take place during the relaxation.
The time scale for observation of the relaxation, instrumentally
confined to the range of microseconds to nanoseconds, is highly
interesting for chemistry. Extraction of chemical rate informa-
tion from the compound relaxation rates expected for the angular
correlations is theoretically straightforward. At least 12 elements
with suitable nuclear decay schemes and intermediate level prop-
erties are daughters of conveniently long-lived precursor nu-
clides. Since on-line accelerator production adds many more, the
technique promises considerable gencrality. Apparatus has been
constructed and partially tested for carrying out such measure-
ments, As rapidly as available resources allow, the testing will
be completed and the apparatus tried on one or more known reac-
tions. This method should broaden considerably the restricted
cataloguc of reactions proceeding in this time range now acces-
sible to known techniques.

03:215 ENZYME-CATALYZED cis-trans ISOMERIZATION
ABOUT CARBON ~CARBON DOUBLE BONDS. Seltzer, S.
(Brookhaven National Laboratory, Chemistry Department).

A few enzymes capable of catalyzing cis = trans isomcrization
about carbon —carbon double bonds in specific molecules are
known, Such reactions are important in metabolism and in the
process of vision. The mechanisms of these efficient catalysts,
however, are still unknown, It is the purpose of this work to
understand, on a molecular level, how one of these enzymes,
maleylacetone cis-trans isomerase, catalyses the isomerization
shown in the equation. Purification of the enzyme has heen ac-
complished.

H [/_, “0,C H
/?_?\ H isomerase \/:— —: -H
cOy /}_—/-\ R glutathione ¢! o’]:v‘\\ AR
ol N ( i
b (8]
L 11

R = CHy or CH,COy

Possible modes of catalvsis are being studied by the usc of
model systems. For example, silver ion is a unique, efficient
catalyst for the reaction. From a study of analogs of I, it appears
that a w-complex between silver and the isomerizing double bond
forms and rearranges to a silver —carbon sv-complex, thereby al-
lowing rotation about the a—g carbon—carbon bond. However,
samples of homogeneous isomerase that have been analyzed by
neutron activation contain no significant amount of metals, so that
this type of mechanism is ruled out.

Another possible mechanism supported by siudies on another
model system is that of Schiff base formation. The labeled pre-
cursor to I (R = C¥H,CO3) has been synthesized and experiments
designed to trap the radioactive enzyme —substrate Schiff base, if
present, are planned,

Studies with inhibitors have also been carried out to determine
the chemical functionality at the active site. So far it appears that
one to three sulfhydryl groups are important for reaction. The
study of other inhibitors that mimic the substrate is planned to
obtain information about the binding of the substrate.

KINETICS AND MECHANISMS
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03:216 INTERNAL RETURN OF CAGED GEMINATE RADICALS
FROM OPTICALLY ACTIVE AZO COMPOUNDS. Seltzer, S.
(Brookhaven National Laboratory, Chemistry Department,

Aspects of the decomposition mechanism of azo compounds
(R-N =N~R) are being studied. When the two carbon—nitrogen
bonds are broken in stepwise fashion it is thought thal a caged
pair of radicals (I} exists for a finite time.

R—N =N-=R’" = R + N = R—R’ — diffusion
0 (I

decomposition

Depending on the solvent, the pair may diffuse apart or undergo
rupturce of the second carbon—nitrogen bond. The possibility of
return (II — I) also exists and this is presently under study.

The method of investigation uses an optically active azo com-
pound that undergoes stepwise rupture of its two bonds. The seat
of chirality is at the carbon—nitrogen bond undergoing cleavage.
Rotation of R- within the cage is anticipated. Therefore, the re-
turned azo compound might be racemic. The process is studied
by comparing the rate of nitrogen evolution to the rate of loss of
optical activity.

The first such study was carried out on IIT and the results sug-

gest
- WS
C4H;—C* =N = N —CHj Br
H Cl; N =N-CH,
11 v

a small amount of return. In order to demonstrate return more
firmly, optically active IV was synthesized by a newly developed
method. The kinetics of the loss of nitrogen and the rate of loss
of optical activity are presently being measured. Similar studics
are to be carried out on the photodecomposition of IV,
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03:217 KINETIC STUDIES OF BASE-PAIRING AND ELEC-
TRON-TRANSFER REACTIONS INVOLVING BIOCHEMICAL SYS-
TEMS. S8utin, N. (Brookhaven National Laboratory, Chemistry
Department).

Most models for the melting of double-stranded helices like
DNA postulate that the melting or collapse of the secondary struc-
ture occurs by the unwinding of the two complementary strands,
An objective of this work is to understand the factors controlling
this melting process and its reverse. This is pursued by investi-
gating the interactions between free aromatic bases in solution,
between coupled bases in dinucleoside phosphates and in single-
stranded polynucleotides, and between paired bases in double-
stranded polynucleotides. The initial attack will be by way of
studies on the kinclics of the aggregation of acridine dves, the
rates of unfolding of ApA (Adenylyl-(3": 5')-adenosine) and ApApA,
and the kinetics of the melting of dal’ (copolymer of deoxyadenylate
and deoxythymidylate).

A sccond objective of this work is to elucidate the mechanisms
of electron-iransfer reactions involving metalloenzymes by mak-
ing use of the knowledge gained in recent years on the factors that
influence the rate of electron transfer hetween complex ions in
solution. It is known that the rate of electron transfer is affected
by the stability of the precursor complex, the magnitude of the re-
organization energy, the change of symmetry in going from the
initial to the final electron state, and the standard free energy
change for the reaction. An attempt is being made to use this
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knowledge to characterize the electron-transfer pathways in the
cytochrome-c system.

The techniques that will be used in this work include conven-
tional and stopped-flow spectrophotometry, and new temperature-
jump methods capable of studying reactions with relaxation times
down to about 15 nanoseconds.
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03:218 STUDY OF CHEMICAL REACTIONS BY MEANS OF
MOLECULAR BEAMS AND SHOCK WAVIE TECHNIQUES. Greene,
Edward F. (Brown University, Chemistry Department, Provi-
dence, Rhode Island 02912),

The objective of scattering experiments with molecular beams
is to reveal details of what happens in molecular collisions, This
can be helpful in the interpretation of more complicated experi-
ments in chemical kinetics., Some molecules are more susceptible
to chemical reaction when they are in excited vibrational states.
Thus the study of how effectively molecules convert translational
to vibrational energy in collisions helps to show how chemical
reactions occur. Continuing experiments with beams of diatomic
molecules of cesium iodide colliding with atoms of argon give this
kind of information.

Other experiments in which atoms of iodine collide with atoms
of krypton can be interpreted to show how the potential energy of
interaction between the atoms varies with the distance of their
separation. A knowledge of this energy is useful in trying to solve
a long-standing problem, the variation with temperature of the
rates of more complicated reactions such as the rccombination
of atoms of iodine to form jodine molccules,

Part of the work is directed toward improving detectors that
are sensitive to the small numbers of scattered molecules pro-
duced in the experiments. Neutral molecules containing halogen
atoms can be converted to negative ions and then easily measured
as an electric current by letting them hit a hot niobium surface,
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03:219 THE APPLICATION OF ION CYCLOTRON RESONANCE

P TO THE S5TUDY OF 10N —MOLECULE INTERACTIONS. Beau-
champ, Jesse L. (California Institute of Technology, Division of

, Chemistry and Chemical Engineering, Pasadena, California).

Applications of ion cyclotron resonance spectroscopy to study

the reaction kinetics and properties of ions in the gas phase are
being explored in depth. Three ion cyclotron resonance spectrom-
eters, each with unique capabilities, are in operation at the Cali~
fornia Institute of Technology. The results of studies with these
instruments are greatly extending our knowledge of ionization
phenomena in general and our ability to describe and predict the
chemical behavior of ions in gases in particular, Ion cyclotron
resonance trapped ion techniques are being applied to examine the
kinetics of reactions that approach and establish equilibrium,
Equilibrium data will in turn be used to determine accurate ther-
mochemical data relating to acidities and basicities (studies of
proton transfer reactions) and carbonium ion stabilities (studies
of hydride and halide ion transfer reaction). Reference data for
these projects will be obtained using photoionization mass spec-
trometry. Molecular properties such as proton affinities will be
correlated and interpreted with the aid of information relating to
the electronic structures of the corresponding ions and neutrals
determined by photoelectron spectroscopy and in photodetachment
experiments. Many of the reactions observed and studied with ICR
techniques represent new classes of gas phase ionic processes
which are amenable to further study using single and crossed
beam techniques. Studies are being initiated with an apparatus
comprising a mass and energy selected ion beam, scattering
chamber and fixed detector, with the purpose of determining
whether reactions proceed through long- or short-lived inter-
mediates (complex formation vs, direct processes).
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03:220 STUDIES IN CHEMICAL DYNAMICS AND RADIATION
CHEMISTRY. II. CHEMICAL DYNAMICS., Kuppermann, Aron
(California Institute of Technology, Division of Chemistry, Pasa-
dena, California 91109).

The objective of this part of the program is to provide an under-
standing of reactive and nonreactive molecular collisions of im-
portance to radiation chemistry, hot atom chemistry, and thermal
chemistry. The approach used is a combination of experimental
and theoretical studies aimed at separating the cffect of different
kinds of energy (translational, vibrational, etc.) on the outcome of
molecular collisions, reactive and nonreactive. The current ex-
perimental work involves: (a) the use of crossed molecular beams
to investigate intermolecular forces and to obtain from them in-
formation about elastic energy transfer in moderating collisions;
(b) the use of photoexcited high vibrational siates of molecules,
such as HI, to determine the effect of vibrational energy of re~
agenis on reaction cross sections. In the near future we plan to
study, with the crossed molecular beam machine, the reactions of
hydrogen and other atoms with molecules at cnergies in the neigh-
borhood of 1 eV, The theoretical work involves investigating such
collisions using quantum mechanical, classical and semiclassical
methods in an attempt to obtain insight into and generalize the re-
sults of these studies. We hope, as a result of such studies, to
develop an overall understanding of the details of energy flow in
chemical processes,
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03:221 DETERMINATIONS OF ELEMENTARY REACTION
RATE CONSTANTS FOR THE REACTION OF HYDROGEN ATOMS
WITH VARIOUS SUBSTRATE MOLECULES IN THE GAS PHASE.
Michael, Joe V. (Carnegie-Mellon University, Department of
Chemistry, Pittsburgh, Pennsylvania 15213},

The purpose of this project has been to develop and use the
sensitive technique of Lyman « absorption spectrometry in atomic
hydrogen (or deuterium) reaction studies in the gas phase. These
reactions are of particular interest in combustion, air pollution,
photochemistry, and radiation chemistry. The methods devised
have yielded rapid and accurate determinations of apparent rate
constants for the hydrogen atom with various substrate reactions,

Most work has been concerned with the effects of variable pres-
sure on the measured rate constants at room temperature. Also
the relative effects of the mass of the heat bath molecule have
been studied with six different molecules. The reactions investi-
gated are of hydrogen atoms with several alkenes and alkynes,
and the diatomics, O,, NO, and CO. Several deuterated modifica-
tions have also been studied in an attempt to gain mechanistic in-
formation, These studies are continuing.

New experiments are in progress with variable temperature
apparatus that will allow the determination of the energies of
activation and preexponential factors for hydrogen atom with sub-
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strate reactions, Thesc experiments include shock tube and flash
mercury photosensitization techniques. The information gained
will be of interest to both experimental and theoretical chemical
kineticists.
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03:222 THE DYNAMICS OF CHEMICAL REACTIONS. Lec,
Yuan Tseh (The University of Chicago, The James Franck Insti-
tute, Chicago, Illincis 60637).

Onc of the programs being studied at the present time is the
transfer of translational energy to rotational energy. One rota-
tional quantum transition in the process of HD(J = 0) + He —

HD(J = 1) + He has been measured as a function of scattering
angle by the time-of-flight method. HD(J = 1) molccules are iden-
tified from their laboratory velocities which differ from those of
HD(J = 0). Another project that is also under investigation is the
interaction and reactions of metastable rare gas atoms and ground
state rare gas atoms. The angular distributions of He* + He and
Ar¥ + Ar as well as He* + Ar are obtained. These angular dis-
tributions should provide valuable information on intermolecular
potentials (both gerade and ungerade) and opacity functions for
ionization processes.

We have just finished product velocity analvsis for the rcactions
of F with D, and various unsaturated hydrocarbons. These mea-
surcments conclude the most precisely performed crossed mo-
lecular beam experiments. Velocities of both reactant beams arc
selected and both angular and velocity distributions have been
measured in these experiments.

in the immediate future, we will study the scattering of rota-
tional-state-selected hydrogen halides and continue projects of
collisional dissociations.

PUBLICATIONS

Siska, P. E,, J. M. Parson, T. . Schafer, and Y. I'. Lee, Inter-
molecular Potentials from Crossed Beam Differcntial Elastic
Scattering Measurements 111, He + He, and Ne + Ne, J. Chem,
Phys., 55: 5762 (1971).

Parson, J. M., and Y. T, Lee, Intermolecular Potentials from
Crossed Beam Differential Elastic Scattering Measurements
IV. Ar + Ar, J. Chem, Phys,, 56: 1511 (1972).

, and Y. T. Lee, Crossed Molecular Beam Study of F + CyHy,
C,Dy4, 4. Chem. Phys., 56: 4658 (1972).

Lee, Y. T., Reactive Scattering of Atoms and Molecules Crossed
Molecular Beam Experiments, in the VIIth International Confer-
ence on the Physics of Electronic and Atomic Collisions, Book
of Invited Talks and Progress Reports, North Holland Publish-
ing Company, Amsterdam, 1972.

Farrar, J. M., and Y. T. Lee, Intermolecular Potentials from
Crossed Beam Differential Elastic Scattering Mcasurements V.
The Attractive Wells of Hey, J. Chem, Phys., 56: 5801 (1972).

03:223 STUDIES OF GAS PHASE COLLISIONS OF NEUTRAL
SPECIES. Herm, Ronald R. (Lawrence Berkeley Laboratory,
Inorganic Materials Research Division).

This is an experimental project that is aimed at a fundamental
analysis of the dynamics of inelastic and reactive collisions be-
tween neutral gas molecules. Molecular beam and spectroscopic
techniques are being employed to determine the angular and en-
ergy dependences of the collision cross sections. The following
collision phenomena are under study.

Studies of the collisions of electronically excited atoms include:
(a) measurements of the cross sections for collisional quenching
of excited alkali atoms; (b) a chemiluminescence determination of
the vibrational distribution in electronically excited HgCl*(B?Z%)
formed in the reaction of Hg*(6p 3P;) with Cly; and (c) a crossed
beam study of the transfer of electronic excitation from Hg*(6p
3Pg,» to Tl and Li atoms.

Thermal energy reactions of Mg, Ca, Sr, Ba, Li, and Na atoms
with halogen- and oxygen-containing molecules are being studied
in crossed molecular beams, These studies, as well as those: listed
as (a) and (b), are intended to complement the abundant data al-
ready available on reactions of K, Rb, and Cs and should extend
our understanding of the reactivity of metallic vapors. These
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studies should also provide lower limits for some of the alkaline
earth halide bond cnergies that are presently uncertain,

Crossed beam studics of reactions of some ionic salt molecules
(e.g., BaF, + BCly will also be initiated in the near future,
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03:224 CHEMICAL DYNAMICS STUDIES, Mahan, Bruce H
(Lawrence Berkeley Laboratory, Inorganic Materials Research
Division).

The object of this work is to gain an understanding of the col-
lision processes that gaseous ions and neutrals of moderate ki-
netic energy undergo. The work centers on ion—molecular beam
studies of the elastic, inclastic, and reactive collisions of simple
ions with molecules, and their theoretical interpretation, Current
experiments involve a study of the dynamics of the collision of
Dj with Hy, with the object of elucidating the processes

DF + 1, =~ Dy + DY + 11,
DY +D + H,
D, + DH}

that are important in devices containing hydrogen plasmas. The
energy ranges in which the various processes are important are
being mapped out, the product energy distributions determined,
and estimates of the cross scctions made,

Another reaction currently under study is O (H, H)OH, and its
isotopic variants. This is an important impurity reaction in hy-
drogen plasmas and is also very interesting from a fundamental
point of view. Besides its clectronic ground state, Ot has a meta-
stable excited state of kinetic importance, whosce reactions we can
study separately. We expect that this excited state will display
dynamic properties that are quite different from those of the
ground state ion.

Our future plans are to continue investigations of the reactions
of simple ions with small molecules, particularly hydrogen, since
these processes combine the possibilities of practical utility and
fundamental interpretation. In particular, we shall begin experi-
ments on the reactions of scveral metal ions that occur in the
upper atmosphere or as impurities in plasma devices.
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03:225 PROPERTIES OF SOLVATED ELECTRONS AND AS-
SOCIATED SPECIES IN METAL SOLUTIONS AND KINETICS OF
ELECTRON- AND PROTON-TRANSFER REACTIONS, Dye,
James L. (Michigan State University, Department of Chemistry,
East Lansing, Michigan 48823).

Our discovery that cyclic polyethers greatly enhance the solu-
bility of alkali metals in amines and ethers provides the opportunity
to study many properties of solvated electrons for comparison
with the results of pulse radiolysis. By controlling relative con-
centrations, it is possible to prepare solutions in which either
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€olv Or the alkali anion, M™, is the major reducing species. Opti-
cal spectra provide the most definitive information, but this will
be supplemented with ESR and metal -NMR studies. Concentrated
solutions in ethers and amines will be studied for evidence of
metallic behavior, Synthesis of large amounts of one of the poly-
ethers (cryptate) is being carried out because it appears that this
compound traps the alkali cation in a relatively nonlabile form.
This might permit the preparation of new solid compounds that
contain the alkali anion and/or the free electron.

We have completed the interface of a scanning stopped-flow
svstem to a PDP8-1 computer. Studies of the kinetics of reaction
of solvated electrons and alkali anions will be continued. This ap-
paratus is also ideal for the study of the kinetics of reaction of
aromatic radical lons. Such studies, which complement similar
studies by pulse radiolysis, will be continued.
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03:226 MOLECULAR BEAM STUDIES IN PHYSICAL CHEM-
ISTRY. Datz, S. and H. F. Krause. (Oak Ridge National Labora-
tory, Chemistry Division).

Atom—molecule collisions leading to chemical reactions and
intermolecular energy transfer are under study using crossed-
molecular-beam techniques. Recently the velocity dependence of
electronic to vibronic energy transfer was investigated for the
first time. The reaction was Hg(6%p,) + M = Hg(6%p,) + M* where
M = H,, Dy, Ny, NO, and CH,. It was followed by the 2537 A light
from the decay of Hg(6%p;). For the molecules listed, the cross
sections decreased with increasing energy as E70% above 0.1 eV
in accord with the model predictions by Bvkhovskii and Nikitin in
which the transition probability above threshold reduces to the
Landau—Zener theory. When Cl, is used as the reactant, an addi-
tional light signal {5400 A) attributable to the electronically ex-
cited B state of HgCl is observed. The velocity dependence of the
chemical reaction is being investigated.

With accelerated alkali atom and ion beams, it was found that
dissociative collisions of the type M + X, — M + X + X proceeded
via a spectator-stripping process at high energies (i.e., direct
interaction with only one atom in the X, molecule). This was ob-
served in collisions of Na and K with H, and D, and of Cs* with N,
at relative energies above 30 eV. Studies of chemi-~ionizing col-
lisions of K and Cs with Cly, Bry, and O, at 50 to 350 eV indicated
a dominance of molecular excitation into dissociative states.
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03:227 EXCHANGE OF ELEMENTARY IODINE WITH OR-
GANIC IODIDES. Noyes, Richard M. (University of Oregon,
Department of Chemistry, FEugene, Orcgon 97403).

Most free radicals are so reactive that competing reactions
generate very complicated product distributions,. Iodine atoms
are much less reactive and often react with organic iodides only
by a substitution that can be followed by isotopic labeling, Thus
we can examine effects of substituents on rates of reactions of
radicals including those with aromatic molecules. Our studies
have also revealed an unexpected mechanism of exchange involy-
ing a transition state that resembles an ion pair even in nonpolar
solvents, The iodine portion of the transition state may be either
vositively or negatively charged, and substitution of benzoy! or
senzhydryl iodide affects the rate by a bigger factor than has
yeen observed for any other reaction of neutral molecules. Either
isopropyl or tert-butyl iodide will exchange with iodine by this
mechanism at a conveniently measurable rate in any aprotic
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solvent from hexane (dielectric constant less than 2) to propylene
carbonate (dielectric constant about 65), and these reactions are

excellent for testing theories for effects of solvent properties on
rates of reactions involving considerable separation of charge.
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03:228 OSCILLATIONS IN CHEMICAL SYSTEMS. Noyes,
Richard M. (University of Oregon, Department of Chemistry,
Eugene, Oregon 97403).

In a closed chemical system at constant temperature and pres-
sure, the total free energy remains constant or decreases mono-
tonically. However, concentrations of certain intermediates may
oscillate in such a system. We have explained the detailed mecha-
nisms of oscillations of bromide ion and of cerium(IV) during the
cerium-catalyzed reaction of bromate ion with malonic acid and
can also explain the propagation of oxidizing bands we can gen-
erate at will in such a medium. This is probably the most com-
plicated chemical system whose reactions are understood in so
much detail, We can also use flow methods to produce chemical
oscillations that continue indefinitely and can transmit repetitive
signals by traveling bands of chemical action. The behavior of
this inorganic system shows striking analogies to biochemical
processes like heart beats and nerve impulses. The bromate —
malonic acid system is not unique as a chemical oscillator, and
we are evolving principles to guide the search for other oscil-
lating systcms,
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03:229 RESEARCH ON HIGH-ENERGY CHEMICAL REAC-
TIONS. Cross, R. James, Jr., R, L. Wolfgang (Yale University,
Department of Chemistry, New Haven, Connccticut 06520} .

We are using niolecular beam techniques to measure the en-
ergy dependence of hot tritium reactions from a few clectron volts
onup. A beam of T* is formed from a plasma source, the ions are
accelerated, focused, mass-selected, and then neutralized in a
crossed beam of CO,. The resulting beam of T is at a known and
variable energy. The beam passes through a separately pumped
chamber into a reaction chamber filled with a mixture of reactant
gas and an inert moderator such as He. The T loses energy on
collision (mostly with He) and reacts, The jwwoducts are trapped
and separated by gas chromatography, and counted in a propor-
tional counter. Since we know the T~He potential, we can calcu-
late the cnergy distribution of the reacting tritium atoms. By
measuring the amounts of products as a function of initial beam
energy, we can obtain the cross section for reaction as a function
of energy. This will answer many questions unanswerable from
nuclear recoil studies.

ALSO SEE All summavies in the following sections: Radiation
Chemistvy: Aqueous; Radiation Chemistry: Gaseous,; Radiation
Chemislry: Other; Photochemistry and Energy Transfer: and
Hot Atom Chemistry (Summaries 03:100 thyough 03:208) and
Heavy Element Chemistyy: 03:76, 03:78; Chemical Speclvoscopy:
03:245, 03:252; Theoretical Chemistry: 03:277, 03:281, 03:282,
03:285; Isolope Chemisivy: 03:291, 03:294, 03:295, 03:297, 03:304;
Thermodynamics: 03:316; High- Temperature and Inovganic
Chemislyy: 03:333, 03:348, 03:349, 03:351, 03:352, 03:355,; Engi-
neeving Chemistry: 03:430, 03:435, 03:436,; Miscellaneous Chemi-
cal Studies: 03:440, 03:458, 03:460.
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CHEMICAL SPECTROSCOPY

Spectroscopic studics including infrarcd, Raman, visible,
ultraviolet, nuclear magnetic resonance, clectron spin resonance,
photoeleciron, electron impact, and Mdsshauer spectroscopy.

03:230 MATRIX ISOLATION SPECTROSCOPY. Calder,
G. Vincent. {(Ames Laboratory, Chemistry Division).

The structure and spectra of reactive molccules and molecules
that have appreciable vapor pressure only at extremely high tem-
peratures are difficult to determine because of experimental
limitations. Matrix isolation infrared spectroscopy is a generally
applicable technique for obtaining such information. For example,
one intermediate commonly invoked in the mechanism of a wide
range of chemical reactions is the molecule benzyne, . -1 At
room temperature in solution or the gas phasc this molecule is
extremely short-lived; however, it has been recently isolated in
argon matrices at cryogenic temperaturcs where it can be main-
tained indefinitely. The vibrational and electronic spectra of the
molecule are currently being examined. In addition to the spectro-
scopic study of reactive molecules, matrix isolation can also be
used to prepare compounds that are difficult, if not impossible, to
synthesize by other, more classical, approaches. For example a
new class of metal carbonyl compounds of the form M(CO)y,
where M = Nd, Yb, have been prepared successfully by codeposi-
tion of metal atoms in CO and CO/Ar matrices. The spectra and
stoichiometry of these compounds are presently under study.
Similar studics on the thio analogues, M(CS)y, are also under ac-
tive study by means of matrix-isolation reactions of the vaporized
metal atoms with the unstable diatomic CS8.
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03:231 POLARIZED SINGLLE CRYSTAL SPECTRA FOR CO-
ORDINATION COMPLEXES OF PLATINUM (1) AND PALLADIUM
(I1). Martin, Don. 8. (Ames Laboratory, Chemistry Division).

An improvement will be sought in the techniques to prepare the
exceedingly thin crystals, 1- to 10- u thick that are necded for
measurements of polarized spectra of pure single crystals. The
forbidden d—d transitions of the heavy metal atoms can be mea-
sured for crystals with this thickness. The spectra of the square
planar complexes are cspecially interesting because {requently
the complexes stack one exactly over the next in a linear chain
array. Additional evidence will be sought in the crystals for ex~
cited {onic states, evidence for which was observed recently in
dichloro(ethylenediamine)platinum(I1).

Recently, optical interference from repeated veflections in the
crystal faces has served to provide both the thicknesses and the
refractive indices for crystals. A continuing effort will be made
to prepare crystals with faces of optical quality to apply this tech-
nique. Also, absorption spectra will be measured at low tempera-
tures down to 4°K (liquid He) hecause the temperature dependence
ol the absorption can serve to identify the different types of transi-
tions. Also the low temperaturcs provide improved resolution of
bands and sometimes provide vibrational structurc for the bands.
This work will require some crystal structure determinations,
and a detcrmination for RbyPtBr, is underway.
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(1972).
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03:232 THE ELECTRONIC ABSORPTION, LUMINESCENCE,
AND NONRADIATIVE PROPERTIES OF m-BONDED ORGANIC
MOLECULES AND THEIR CRYSTALS. Small, Gerald J. (Ames
Lahoratory, Chemistry Division).

Polarized optical spectroscopic and lifetime studies on several
of the nitrogen heterocycles of azulene (azaazulenes) and o, 8-
unsaturated enoncs are in progress. Such experiments on these
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systems are designed to improve our understanding of (i) the
encrgetics, clectronic symmetries, and gecmetries of =or* and nr*
excited states; (ii) the radiative and nonradiative (internal con-
version, intersystem crossing, etc.) properties of these states;
and (iii) electron—phonon coupling processes in mixed moleculam,
crystals.

The vibronic absorption bandwidths of an impurity molecule i .
crystal lattice are determined, in part, by the lifetime of the ex-
cited state and electron—phonon coupling. In order to extract the
lifetime broadening from an experimental bandwidth it is necessary
to subtract the electron—phonon coupling contribution. We have de-
veloped a new theory of electron—phonon coupling using the method
of moments. The theory provides a much better fit to experimental
temperature-dependent bandwidth data than the existing two-phonon
clastic scattering perturbation approach. The theory will be used
with experimental bandwidth data on mixed crystals containing, as
impuritics, the aforementioned molecules in order to determine
appropriate excited state lifetimes.

Azulene’s two lowest excited singlet states are 77* and lie at
7500 and 3500 A. Its fluorescence properties arc anomalous be-
cause it is the only aromatic molecule known to fluoresce from
its second excited singlet state. As such it must be considered
a very important test case for all theories on nonradiative transi-
tions. Optical studies on the etfect of 'n7* states in azaazulenes
on the anomalous emission behavior of the parent are underway.
Although these studies are far from complete, the preliminary re-
sults are exciting and worthy of comment. Nitrogen substitution in
the five-membered ring results in large anomalous blue shifts
(2000 to 4000 A) of the Towest singlet and triplet states of the
parent. As a rcsult the azaazulene molecules fluoresce and phos-
phoresce, respectively, from these two states. The large differ-
cnce in 7-bonding between these molecules and the parent remains
to be explained. Nitrogen substitution in the seven-membcered ring
of arulene does not lead to the aforementioned anomalous bluc
shifts. Howcver, the molecules that have been studied have not
been observed to fluoresce from any state.

Polarized absorption, phosphorescence, and lifetime studies on
the «,B-unsaturated enone, I-indanone, in various media have been
initiated. In this way it is hoped that, for example, the intersys-
tem crossing rate, the origin of the anomalous dual phosphores-
cence, and photochemical behavior of this molecule will be deter-
mined.
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03:233 MASS SPECTROMETER ION SOURCE CHEMISTRY.
Svec, H. J. and G. D. Flesch. {Ames Laboratory, Chemistry
Division).

The chemical reactions occurring in the ion sources of mass
spectrometers have been of interest since the instruments began
to he used for studies of complex molecules. Emphasis has con-
cerned the cnergetics of processes occurring near the ionization
threshold or at ionizing encrgies of 50 to 70 eV. At or ncar the
ionization threshold the principal rcactions involve electronic and
vibrational excitations. In the energy range between the threshold
and ~50 ¢V most of the chemical reactions occur. A method for
discerning these reactions, bascd upon deconvoluting ionization ef-
ficiency data in the encrgy range 18 ¢V above the ionization poten-
tial, has heen developed that obviates the cffects of the excitation
processes that generally involve small energy differences. The
basis of the method is to use clectrons with sufficient encrgy
spread to “wash out’” excitation effects in molecular and fragmen.
ions but not those due to chemical reactions. The method has been
tested extensively with metal compounds such as the chromyl
halides, hexacarbonyls of the transition clements, and the metallo-
cenes of I'e, Ni, and Ru. Recently, application of the method to
simple hydrocarbons has been attempted. Basically, thesc differ
from all other compounds used to date in that ionization of the
parent hydrocarbon molecules concerns a honding electron instead
of a nonbonding electron associated with a metal atom. The method
appears to work for hydrocurbons producing data from which de-
tailed mechanisms of chemical fragmentation schemes can be de-
vised. By use of these schemes, ionization efficiency data can be
convoluted which agrec with the experimental data within +1.5%
over the 18-¢V cnergy range above the molecular ionization po-
tential. Ethane, propane, n-butane, isobutane, n-pentane, and neo-
pentane have been studied. A salutary thing about all of the de-
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convolution results to date is that they predict neutral fragments
that are being observed directly in some double-electron-bcam
studies which arc also a part of the overall project.
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03:234 RAMAN AND INFRARED SPECTRA OF MOLTEN
SALTS AND SALT VAPORS. Maroni, V., and P. Cunningham.
(Argonne Nationul Laboratory, Chemicul Enginecring Division).

Raman spectroscopic studies have been made on solid and
molten systems to elucidate the structures and interactions im-
portant to the understanding of many thermodynamic and trans-
port properties. The molten SnCl,— KCI system was examined
from 250 to 600°C. It was found that a complex cquilibrium exists
bhetween polynuclear aggregates of SnCl, molecules and a mono-
meric specics, most probably SnCl3.

Raman studies were also made of solid and ligquid NaNH, and
BiCly "311)01 In the case of NaNH,, low-frequency bands (300 to
800 cm ') werc observed in both the solid and liquid phases. Thesc
bands were attributed to hindered rotation of the NHy ion. In the
casc of BiCly vapor, intense resonance fluorescence was obscrved
at temperatures above about 450°C. This was attributed to the for-

! mation of a subhalide of bismuth (probably BiCl). The addition of
a small amount of an oxidizing agent, such as HzCl,, greatly re-
duced the concentration of the subhalide, as evidenced by the dis-
appearance of the resonance fluorescence. Studies of the sub-
halides of bismuth and other metals are cxpected to contribute
to our understanding of gas phase transport in metal—metal halide
systems. T

Infrared spectroscopic studies were made of iodine-containing
species, since these are important to reactor fuel reprocessing
technology. The studies- showed that 103 is the stable product of
the reactions of iodine and 1,05 with molten nitrates (MNO,;, where
M is Li, Na, K, Rb, Cs, Ag, and Tl). Evidence was also obtained
that any (O] formed during these reactions is immediately reduced
to 103

We plan studies of the spectra of high-temperature associated
vapor species in two-component mixtures of strongly intceracting
molecules in order to undevstand the nature of the physical and
chemical bonds that lead to these associations.
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03:235 MOLECULAR SPECTROSCOPY. Ferraro, J. R., and
L. J. Basile. (Argonne National Laboratory, Chemistry Division).
The expression of the potential energy of nonlinear polyatomic
molecules is not easily derived even when the structural configura-
tion is established. Several model force fields have been proposed

'and modifications developed in attempts to describe the potential
energy. Although determining which model force field best repre-
sents the molecule under consideration is difficult, the advent of
fast computers has somewhat simplified this evaluation. S¢veral

proposals can be tested and the determination made as to which
force field best describes the molecule. We have made a system-
atic study of the suitability of several force fields with AB{ octa-
hedral molecules and ABj tetrahedral molecules, where n is the
charge. Five force fields were examined for 62 octahedral mole-
cules. These were the Urey— Bradley, modified Urey— Bradley,
orbital valence, modified orbital valence, and the general force
fields. The modified orhital valence force field gave the better
overall agreement with the observed frequencies of octahedral
molecules than the other fields. Similar studies are presently
underway with 92 tetrahedral-type molecules. Studies with MXj;
and MX3 molecules are planned in an effort to determine, if pos-
sible, which force field is to-be preferred for each structure.

Infrared absorption and Raman scattering experiments of vari-
ous molecules have been in progress. Recently we have examined
the alkali metal haloxenates, and made vibrational assignments
for the molecule. A normal coordinate treatment (NCT) was made
to verify these assignments. Presently, we are in the process of
examining the vibrational spectrum of gaseous, anhydrous
Cu(NO;),. We hope to conduct a matrix isolation study for this
molecule in the infrared and Raman regions. Ultimately a NCT
will be attempted for the molecule.
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03:236 SPECTROSCOPIC INVESTIGATIONS OF INORGANIC
AND COORDINATION COMPOUNDS UNDER VARYING PRESSURES.
Ferraro, J. R., and Basile, L. J. (Argonne National Laboratory,
Chemistry Division).

Expcrimental techniques developed at ANL permit studies of the
absorption spectra (28,000 to 50 ¢cm™!) and Raman spectra of mi-
terials under high external pressures (to 80 kbar). These tech-
niques have heen applied to coordination compounds and a number
of inorganic systems of both fundamental interest and some practi-
cal importance. Five general types of problems have been ap-
proached.

(1) Infrared-active phonon modes in ionic and pseudoionic crvs-
tals (of the type AB and Al}) have been observed under high pres-
sures. Such studies are important for developing fundamental
concepts of lattice dynamics. The experimentally determined pa-
rameter dv/dp leads rather directly to an expcrimental value for
the Gruneisen constant (y). This can then be compared with the ¥
obtained from equations of state hased on certain theoretical mod-
els.

(2) Recent pressure studies of ion-pair vibrations in inorganic
salt—organic solvent systems have been made. Lattice-like pres-
sure behavior for these vibrations was found (shifts toward higher
frequency occurred). These studies are important for developing
new concepts involving solution dynamics, an area which has been
little explored.

(3) At high pressures, measurement of the visible absorption
bands of low-spin 5-coordinate complexes of the type (MLX)Y,
MLX,, (MLyX) Y, MLgX, (where M = Ni(l), Pt{D, Pd(l), X =
halogen or pseudohalogen, L is a tetra-, tri-, bi-, or monodentate
ligand, and Y = polyatomic anion) are significant in that they pro-
vide an cxperimental technique for studying the nature and im-
portance of Jahn—Teller c¢ffects in these molecules. These studics
have also heen instrumental in differentiating trigonal bipyramidal
and square—pyramidal structures of 5-coordinate systems.

Recently, investigations of the effects of high pressure on high-
spin 5-coordinate complexes of the type (MLX,) where M = Co(d",

t
L = tridentate ligand (EtyN-(CHj)oN-(CH;)2-P¢y; R = Me,H), have
been made. Systems demonstrating spin state equilibria of the
type NiBry - (¢yBzP); have also been studied and evidence provided
that a T4 (high-spin) form in the solid state can be converted to the
square planar (low-spin) form. This electron pairing with pres-
sure is possible because of the increased ligand-field effect oc-
curring under high pressures.

A study of the behavior of 4f electrons under high external pres-
sures has also commenced. Although ligand-ficld effects with
pressure on the shielded 4f electrons are less than cffects found
for d electrons, the absorption of the hypersensitive visible transi-
tions in certain complexes are maintained with pressure. Eventual
conparisons with 5f electronic systems are being planned.

(4) Differences in behavior of various modes of vibration under
pressure, along with metal isotopic studies, have been observed for
coordination compounds, and have led to a better interpretation of
their infrared and Raman spectra, with subsequent more definitive
information on the structure of the complex and the natural metal—
ligand bonding.

(5) Studies of the glassy state under pressure are of direct
practical importance. Glass components are widely used in sub-
marines and indeed all-glass vessels are being considered by the
Navy for underwater exploration. Preliminary experiments have
allowed us some insight into the fundamental factors affecting the
nature of structural order and disorder in silicate glasses.
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03:237 EXPERIMENTAL AND THEORETICAL SPECTROS-
COPY OF THE FREE ACTINIDES AND LANTHANIDES. Fred, M.
and Tomkins, F. S. (Argonne National Laboratory, Chemistry
Divisionj.

The experimental work consists of photography of the spectra
of all these elements utilizing the Argonne 30-foot spectrograph,
in cooperation with a number of other laboratories in the USA and
abroad. Present emphasis on term analysis is concentrated on
plutonium, which is expected to be essentially completed in 1973,
Analyses of neptunium and americium spectra are being resumed
now that better facilities are available than existed when the pre-
liminary analyses were atlempted some years ago.

The interpretation of the experimental levels by comparison
with computer calculations has run into difficulties because the
problem is now seen clearly to be too large for existing computers
(for the neutral plutonium atom, for example, more than 1000
energy levels are now known). Atiempts are under way to trans-
form the present programs. The hyperfine structure of neptunium
is being interpreted, to derive the nuclear moments of #'Np and
the radial wave functions, and further g-values of the heaviest
actinides are being calculated for comparison with atomic beam
results.
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03:238 SPECTROSCOPY OF HIGH-TEMPERATURE SYSTEMS.
Gruen, D. M. (Argonne National Laboratory, Chemistry Division.

Current work is aimed at the elucidation of the chemical effects
of the interaction of energetic particles with surfaces. One of the
goals of the research is a better understanding of the mechanism
of chemical sputtering. In a very recent study, the uranium oxide
molecules UQ, UO,, and UO; were produced by sputtering a ura-
nium metal cathode with argon gas containing variable concentra-
tions of oxygen. The chemically sputtered uranium oxide mole-
cules, isolated at 12°K in a matrix of solid argon, were identified
by means of their vibrational spectra by use of an isotopic sub-
stitution technique. In this way, the {requency of the U -0 vibra-
tion was established as 820 cm™'.

In future work, matrix isolation spectroscopy will be applied for
the first time to the identification of products sputtered from metal
and ceramic surfaces bombarded by monoenergetic, mass-selected
ions produced in an isotope separator. These experiments are ex-
pected to clarify the nature of the molecular products formed dur-
ing bombardment with reactive gas projectiles and to characterize
the surface reactions responsible for their formation.

Studies of sulfur species in fused salts have been conducted
using both electrochemical and spectroscopic measurements.
Solutions containing known amounts of sulfide ion are prepared
electrochemically by use of a specially developed nickel suifide
electrode. Reactions of elemental sulfur with sulfide ion in the
molten LiCl-KC! eutectic mixture were followed spectrophoto-
metrically. The brilliant blue reaction product was character-
ized as the Sy ion in laser Raman experiments. These results
are relevant to the development of high-energy, high-power-
density hatteries. Furthermore, they provide strong evidence
that the Sy species is the color principle of the mineral ultra-
marine.
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03:239 NUCLEAR MAGNETIC RESONANCE IN INORGANIC
CHEMISTRY. Hindman, J. C. and Svirmickas, A. (Argonne
National Laboratory, Chemistry Division).

This program has been set up with the ohjective of applying nu-
clear magnetic resonance technigues to studies on inorgunic sys-
tems where such studies can provide useful information with re-
spect to molecular structure, electronic configurations, and kinetic
behavior. An earlier investigation in this area involved the study
of the 1*F magnetic resonance of the xenon fluorides with the ob-
jective of determining the shielding parameters, structural char-
acteristics, and charge distribution on the fluoride ion. More
recently, chemical shift measurements have been made on the
fluorine and hydrogen nuclei in gaseous and liquid HOF in order
to learn something about the charge distribution and molecular
properties of this unstable fluoride.

At present, a detailed study of '*F chemical shifts and relaxa-
tion behavior for xenon oxytetrafluoride and xenon hexafluoride
and for mixtures of xenon hexafluoride and other xenon fluorides
is underway. These studies were undertaken to provide informa-
tion of general physical interest about the molecular interactions
and modes of molecular motion in the condensed states of these
highly unusual inorganic fluorides. Of particular interest is the
question of whether such measurements will provide information
that will aid in deciding what molecular properties of XeFgare
responsible for its anomalous chemical behavior.

As a logical extension of the present program we are considering
the constiruction of probes thut will allow measurements of relaxa-
tion times at high temperatures and pressures. The availability of
such equipment will make possible the study of other systems of
potential importance, e.g., the measurement of transport properties
in molten salts.

03:240 STRUCTURE AND MOLECULAR INTERACTIONS IN
LIQUID WATER AND IN SOLUTION. Hindman, J. C., and
Svirmickas, A. (Argonne National Laboratory, Chemistry
Division).

The importance of water, both as a liquid and as a solvent, has
resulted in a continued high level of interest in the study of water
structure and of water —solute interactions. It has become in-
creasingly apparent that an understanding of the diverse proper-
ties of water and aqueous solutions is dependent on the development
of experimental methods for the study of structural changes and
ionic processes at the molecular level. The primary goal of the
present program has been to find experimental approaches that
will yield significant information. Both static and dynamic nuclear
magnetic resonance techniques have been found useful. ’

We have found that a very satisfactory interpretation of proton
chemical shift data for solutions of 1~1 electrolytes can be given
in terms of ion—solvent interactions, hydrogen hond breaking, and
structural effects on the solvent. Information available from such
studies on pure water were found to be limited by the fact that the
chemical shifts are sensitive not only to the breaking but also to
the bending and stretching of the hydrogen bonds. Dynamic mea-
surements have proved more useful and our present program is
largely devoted to the determination of the relaxation times for the
various isotopic species in liquid water and to the development of
models for the interpretation of relaxation in terms of structures
and lifetimes of states in the pure liquid.

Completion of the present research will allow concentration of
effort on the investigation of methods for the determination of both
static and dynamic properties of structures induced in water by the
dissolution of solutes, either inorganic or organic. The ultimate
goal in the study of the simple aqueous systems is to provide a
basis for understanding the behavior of water in more complex,
e.g., biclogical systems.
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03:241 ISOTOPICALLY MODIFIED PROTEINS. Katz, J. J.,
Crespi, H. L., and Smith, U. (Argonne National Laboratory,
Chemistry Division).

Magnetic resonance spectroscopy is a new and important tech-
nique for the study of structure and function of proteins and en-
zymes. The application of high-resolution techniques is greatly
facilitated by the use of isotope hybrid proteins containing 'H-
amino acid side chains or !H-prosthetic groups, because chemical
shift assignments can then be made unambiguously. Conformational
changes in isotope hybrid cytochrome ¢, ferredoxin, and flavopro-~
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tein, proteins important in electron transport, are being studied by
proton magnetic and electron spin resonance to learn how energy
transduction is affected by the proteins. Electron spin resonance
studies with fully deuterated flavins and flavoprotein are being
found particularly valuable because the flavin is a natural spin
label. These studies make it possible to determine hyperfine in-
teractions otherwise not measurable with the proteins of ordinary
isotopic composition. Other physical parameters such as rota-
tional correlation times can also be measured, which makes it .
possible to ascertain whether the protein is free or found in the (4"‘/
living organism. Electron nuclear double resonance (ENDOR) is a
valuable new tool in these studies. We are now applying ENDOR to
organized systems such as mitochondria and whole organisms with
excellent prospects for new knowledge about protein function in the
intact living organisms. Supplementary to these are proton mag-
netic resonance investigations of chemically modified deuterated
ln'oteins, and protein —small molecule interactions as followed by
H and !3C magnetic resonance. Our long-term goal is to isolate a
fully deuterated enzyme containing an !H-amino acid side chain in
its active center and to observe directly the consequences of en-
zyme —substrate interaction.
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03:242 CIRCULAR DICHROISM SPECTROSCOPY. Katzin,
L. 1. (Argonne National laboratory, Chemistry Division).
Absorption spectra of colored metal ions reflect in different
ways the binding condition of the ion number and types of atoms
coordinated, geometric relations, etc. In many common situations
though, the ordinary spectra may be quite insensitive to variations
in these relations. With optically active ligands, for example, 1-
amino acids, circular dichroism spectroscopy (CD), differentiul
polarized light absorption may reveal a fine structure within these
absorption bands and call attention to otherwise unrecognized in-
teractions. This sensitive added dimension may be vitally im-
portant for lanthanide and actinide ions, whose ordinary absorption
spectra appear particularly insensitive to environmental influences.
We are continuing to study the absorption and circular dichroism
spectra of rare earth and actinide solution systems, using a selec-
tion of optically active reagents available to us, to illuminate the
following matters: coordination configurations (these ions show a
considerable number of different ones) and the types of ligands that
influence them; conditions under which certain types of ligands
bind, in competition with water and other ligands; absorption spec-
tral characteristics of the states defined with the aid of CD; geo-
metrical relations within mixed-ligand molecules; and the correla-
tions with the spectral states themselves. Analytical implications
are obvious.

03:243 MAGNETIC EFFECTS IN METAL VAPOR ABSORPTION
SPECTRA. Tomkins, F. S. and W. R. S. Garton. (Argonne
National Laboratory, Chemistry Division).

Quadratic Zeeman effect data have been obtained for Ba, Sr, and
Ca at magnetic fields varying from 10 to 48 kilogauss, using the
Argonne 30-foot spectrograph and the superconducting solenoid
magnet,

Two types of magnetic structure are observed in series lines of
high prineipal quantum number and in the ionization continuum:
The first, due to mixing of the angular momentum quantum number
1 between states in which the magnetic energy shift becomes an ap-
preciable fraction of the energy difference between successive
series members, is reasonably well understood and the theory
worked out to the stage where satisfactory qualitative agreement

. between calculated and observed structures is being obtained.

The second effect, which appears as regularly spaced absorption
resonances in the continuum beyond the ionization limit, is less
well understood, and an adequate mechanism is only beginning to
come out of the theoretical studies, which are being carried out
under the direction of Dr. Allan Edmonds at Imperial College.

The detailed theory for both effects requires accurate photo-
metric data on the two types of magnetic structure, and we have
just completed a photoelectric scanning system to be used in con-
junction with the large spectrograph that will give data of the
quality required. Future plans include complete photometric stud-~
ies of the alkaline earth elements, as well as both wavelength and
photometric data for some alkali metals and thallium.

We are also undertaking cooperative experiments on magnetic
effects in Hey molecular spectra, with Dr. Roger Angel of Columbia
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University, and on magnetic rotation spectra of alkali metal mole-
cules, with Professor M. M. Hessell of Fordham University.

03:244 MECHANISMS OF METABOLIC AND PHOTOSYN-
THETIC REACTIONS. Fajer, J. (Brookhaven National Labo-
ratory, Department of Applied Science).

This work encompasses two broad areas (1) the electronic
structure and chemical properties of metalloporphyrins and their
radicals and (2) the biological role of porphyrin ions in metabolic
and photosynthetic reactions. The goal of the investigations is the
use of these compounds in catalytic energy conversion steps.

Cation and anion radicals of porphyrins and related compounds
such as chlorins and bacteriochlorins are prepared by chemical
and electrochemical techniques and are observed by optical and
magnetic resonance techniques:

1) Electron spin densities of radicals are systematicully mapped
by isotopic labeling with deuterium, 13C, and metal isotopes with
nuclear spins other than zero such as Fe, 8'Zn, Mg, and 113Cd.
These include 2H- and 13C-substituted chlorophylls.

2) Substituents on the porphyrin molecule are altered and gegenions
are varied to determine the factors which control the two ground
states we have observed in cation radicals.

3) Homogeneous rates of electron transfer between a porphyrin
molecule and its anion or cation radicals will be measured (with
and without complexing agents) by ESR (and NMR) line broaden~
ing.

4) Nuclear magnetic resonance will be used for measuring rates of
electron transfer and for determining the sign and the magnitude of
spin density in those radicals which show no resolved ESR spectra.
The magnitude of the contact shifts will be used to differentiate be-
tween metal and ring oxidations. The NMR technique of Evans will
also be used to measure magnetic susceptibilities.

5} Double resonance techniques such as ELDOR (frequency swept
electron —electron double resonance) and ENDOR (electron—nu-
clear double resonance) will be used to help resolve the ESR sig-
nals observed for both cation and anion radicals for which definite
assignments cannot be made on the basis of our present experimen-
tal and theoretical results.

The projected work would thus use four different magnetic reso-
nance methods as well as optical and electrochemical techniques to
continue the investigation of structure and counter ion effects on
the chemical reactivity of anion and cation radicals of metallo-
porphyrins, chlorins, and bacteriochlorins as models for biological
and energy transfer systems.
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03:245 GASEOUS ION CHEMISTRY. Friedman, L.
haven National Laboratory, Chemistry Department).

Energy-transfer processes and rates of reactions of gaseous
ions and neutral molecules are being investigated in both high-
pressure ion sources and at lower pressures in the collision
chamber of the Brookhaven tandem mass spectrometer. The reac-
tion of %Ar with CyCl, was selected as a system of special interest
because of the possible role of ion —molecule reactions in the col-
lection of 3"Ar produced by the 37Cl{r,e”)3TAr reaction in the Brook-
haven Solar Neutrino Experiment. A study of the 4°Ar—CyCl, reac~
tion at pressures between 0.1 and 1.0 torr revealed charge transfer
between Ar* and C,Cly to be the dominant process. The rate of
charge transfer was found to be at least 300 times as great as the
rate of the Ar* addition or substitution reactions with CoCly. This
supports the assumption that the Ar* is efficiently converted to Ar
and collected in the solar neutrino experiment.

Diagnostic studies on the properties of high-pressure cut-off
phenomena in high-pressure electron-impact ion sources are being
carried out in collaboration with Professor R. Torrey of Tennessee
State University. Rates of formation of various ion—molecuie re-
action products, as well as of ions formed directly by electron
impact, are being investigated as a function of source pressure in
the vicinity of the high-pressure cutoff to determine why such
sources do not produce gaseous ions at pressures above a few torr.

(Brook -
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03:246 PHOTOELECTRON STUDIES. Hudis, J., M. L. Perl~
man. (Brookhaven National Lahoratory, Chemistry Department).

Precise measurement of binding energies of inner shell elec-
trons by x~ray photoelectron spectroscopy (ESCA, XPS) provides
information about the effective charges of individual atoms in mole-
cules and thus information about the charge distributions and
chemical bonding in molecules.

Binding energies of core electrons of both constituents of the
Ni~Ir and Au-Sn alloy systems have been measured as a function
of binary composition. Also, binding energy measurements of tin
and oxygen core electrons in Sn, SnO, and SnO, have been made.
These data will be combined with available Moessbauer data on the
alloys and internal conversion probability results on the tin—
oxygen system to provide a detailed picture of the transfer of elec-
trons, both as to number and kind, between the constituent atoms
of each species.

Similar measurements on both the metal and ligand atoms in a
series of cluster ions of the type MgX;, Y3374~ (M = Nb or Ta;
X,Y = halogens) will yield information on how the electrical charge
distribution changes with substitution of different halogens at the
two unique halogen positions, bridging and terminal. Again, these
data will be combined with results of previous work, chemical re-
activity, optical properties, and bond lengths, to provide a detailed
explanation of the variations in bond type and strength in these
compounds.
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03:247 “STUDIES IN CHEMICAL DYNAMICS AND RADIATION
CHEMISTRY [. ELECTRON SPECTROSCOPY’’. Kuppermann,
Aron. (California Institute of Technology, Division of Chemistry,
Pasadena, California 91109).

The objective of this program is to provide an understanding of
the electronic states of molecules and ions of importance to radia-
tion chemistry and photochemistry, including spin-forbidden states.
The techniques used are those of variable angle electron impact
spectroscopy and photoelectron spectroscopy. In the first, @ beam
of monoenergetic electrons collides with the molecules to be stud-
ied and the scattered electrons are energy-analyzed at varying
angles. These experiments provide information not only about
optically allowed transitions, but also about optically forbidden
ones, including those that are spin forbidden. Such states are dif-
ficult to detect by other means but are formed in radiation chemi-
cal systems. The photoelectron spectroscopy technique is anulo-
gous to the electron impact one, with the primary electron beam
being replaced by a photon beam capable of ionizing the target
molecules. These experiments furnish detailed information about
the elecironic states of ions, which are also formed in radiation
chemical systems. The goal is to use the combination of these two
complementary techniques to elucidate the electronic structure of
molecules of importance to radiation chemistry.
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Electron Spectroscopy, D. A. Shirley (Ed.}), North~Holland
Publishing Company, Amsterdam, 1972, pp. 269-275.

03:248 “VACUUM ULTRAVIOLET SPECTRA AND PHOTO-
CHEMISTRY OF POLYATOMIC MOLECULES” El~Sayed,
M. A. (University of California, Department of Chemistry,
Los Angeles, California 90024).

Microwave radiatlion is shown to have large effects on the
phosphorescence intensity of large molecules at 1.6°K. From the
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observed effects, new information concerning the radiative, non-
radiative, magnetic, and structural properties of the lowest triplet
state of phosphoresceni molecules is obtained. The results of these
phosphorescence —microwave double resonance experiments could
determine the mechanism of the nonradiative process between the
lowest excited singlet state and the lowest triplet state. Further-
more, the geometry of molecules in their triplet state could be
conveniently determined from these experiments. It is shown that
many symnietric benzene derivatives have a nonhexagon benzene
skeleton in their triplet state at 1.6°K. This type of distortion is
also found to depend greatly on the crystal field of the solvent.
These distortions are manifestations of the electronic nuclear in-
teractions present in these molecules. These studies are important
in understanding the complicated field of photochemistry. 1t is
hoped that our understanding of electronic —nuclear interaction
would assist in an understanding of the mechanisms of the primary
processes of photochemistry.
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Chem. Phys. Lett., 10: 307 (1971).
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Symmetric Tetrachlorobenzene, Chem. Phys. Lett., 10: 313
(1971).

—, M. Leung, and C. T. Lin, PMDR Spectroscopy and the
Geometry of the Triplet State, Chem. Phys. Lett., 14: 329 (1972).

Tinti, D. 8., and M. A. El-Sayed, Multiple Resonance Techniques
and the Spectroscopy of the Triplet State, in Organic Scintil-
lators and Liquid Scintillation Counting, Academic Press, Inc.,
New York, 1971, p. 563.

03:249 SIGNAL ENHANCEMENTS IN ESR SPECTRA. Fes-
senden, K. W. and Verma, N. C. {Carnegie-Mellon University,
Radiation Research Laboratories, 4400 Fifth Avenue, Pittsburgh,
Pennsylvania 15213).

The LSRR spectra of systems of reacting radicals are generally
abnormal in that the lines below the center of the individual spec-
tra are less intense than their high-field mates or are even in-
verted, implying emission rather than absorption of energy. Stud-
ies of this phenomenon can best be made only with experimental
systems allowing microsecond time resolution. Pulse radiolytic
formation of radicals is being used with 4 suitably designed ESR
spectrometer to enable such studies. Results to date show that the
signal enhancements are the result of selective recombination re-
action of radicals in the various spin states. A kinetic theory of
this effect has been developed that explains the results and quan-
titatively correlates results from steady-state and pulse experi-
ments. Further work is being carried on to investigate various
aspects of this phenomenon as suggested by the theory.

03:250 NUCLEAR AND X-RAY SPECTROSCOPY WITH RA-
DIOACTIVIE SOURCES. Fink, R. W., McCGeorge, J. C., Schmidt-
ott, W. D., Baker, K. R., Xenoulis, A. (Georgia Institute of
Technology, School of Chemistry, Atlanta, Georgia 30332).

Current emphasis is on precision measurement of K, L, and M
subshell x-ray fluorescence yields and Coster-Kronig transition
probabilities in the lanthanide through the transuranium elements.
This is carried out by investigating x-ruy and Auger electron
emissions, low-energy y rays, and conversion electron lines from
carrier-free radioactive sources, utilizing singles and coincidence
spectroscopy with high-resolution Si(Li), Ge(Li), and Ge(intrinsic)
x-ray and windowless, gate-valved electron detectlors, together
with a multiwire, anticoincidence proportional counter. This pro-_
gram requires extensive studies of detection efficiencies in the
energy region of 1 to 100 keV.

With publication of the M/L and L/K orbital electron capture re-
sults in *Fe decay, a major question concerning the best agreement
of several theoretical approaches for allowed electron capture de-
cay has been answered; best agreement of M/L capture ratios in
the decays of ¥Ar, ¥Fe, and "Ge, all measured by us, is achieved
with the theories based on the Watson —Freeman wave functions and
the Vatai exchange correction computed with the same wave func-
tions.

During 1972-73 we expect to devote an increasing effort to the’
UNISOR project, the joint university isotope separator on-line with
the ORIC heavy ion cyclotron at Oak Ridge National Laboratory.
Our purpose in this program is iwo-fold: (1) to carry out on-line
studies of new nuclides far from stability, particularly for the
Georgia Institute of ‘Technology group, the study of very-high-spin
isomers predicted by Gol’danskii to decay by delayed alpha or de-
layed prolon emissions, some of which may have applicatious in
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nuclear medicine; and (2) to use the isotope separator off-line for
preparation of ultrathin, carrier-free longer-lived radioactive
sources for use in our x-ray and Auger studies on campus. In
future years, we expect that most of our effort will be devoted to
research under the UNISOR program.

PUBLICATIONS

Schmidt-Ott, W. D., J. 8. Hansen, and R. W. Fink, Relative X-Ray
Transition Probabilities to the K-Shell for Z = 81, 92, 94, and 96,
Z. Phys., 250: 191-197 (1972).

McGeorge, J. C., R. W. Fink, L, and Lj Subshell Fluorescence and
Coster —Kronig Yields for Z = 96 from the Decay of 45Cf, Z.
Phys., 248: 203-219 (1971).

, and R. W. Fink, The L; Subshell Fluorescence and Coster—

Kronig Yields for Z = 96, Z. Phys., 250: 293-299 (1972).

, and R. W. Fink, The Determination by an Independent
Method of Py Electron-capture Probabilities in 133%Ba and

1398 Ce Decays, Z. Phys., 249: 286-293 (1972).

Hansen, J. 8., J. C. McGeorge, and R. W, Fink, Precision Deter-
mination of High-% K-Shell Fluorescence Yields from {%Ay,
7R, and #Np Decays, Z. Phys. 249: 373-385 (1972).

03:251 ION SPUTTERING AND SECONDARY ION EMISSION.
y McHugh, J. A., Barney, D. M., Boyd, W, T. (Knolls Atomic
Power Laboratory, Mass Spectrometry).

This research is directed at understanding the basic mechanics
of ion sputtering and secondary ion emission. Such an understand-
ing, for example, is necessary in order to take full advantage of
the analytical capability of the ion microprobe mass spectrometer.

One study currently in progress involves an experimental study
of the effect and importance of reactive (both electronegative and
electropositive) element primary ions and inert gas primary ions
on secondary ion yields. The effects of primary ion current density
and sample matrix in both conductors and nonconductors are also
being considered. A second area of current interest concerns the
effect of a sample’s crystal lattice orientation on its secondary ion
yield production. Results from a large-grain Ni-base alloy show
differences in secondary ion yields between grains. Also differ~
ences in grain color are observed after 0~ bombardment, which
bears a relationship to the secondary ion production efficiency.
Studies with oriented Zr single crystals are planned for the near
future.

03:252 NUCLEAR MAGNETIC RESONANCE STUDIES OF
HYDRATED METAL IONS. Connick, Robert E. (Lawrence
Berkeley Laboratory, Inorganic Materials Research Division).

Nuclear magnetic resonance measurements are being used to
determine how long water molecules and other ligands remain
attached to metal ions. In favorable cases the coordination num-
ber may also be determined, and frequently data on scalar cou~
pling, quadrupole coupling, electronic relaxation times, and
tumbling rates may be obtained. Currently the lifetime of water
molecules in the second coordination sphere of chromic ion is
being investigated; the change produced by complexing of the Cr3+
will be studied. The lifetimes of water molecules in the first
coordination sphere of nickel ion complexed by one iminodiacetate
fon are being measured to find how much the rates of the two kinds
of water differ. The method will be extended to other systems to
yield kinetic data that can be obtained in no other way. Computer
simulation of water exchange on hvdrated ions will be attempted in
cooperation with Dr. Alder.
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03:253 OPTICALLY DETECTED MAGNETIC RESONANCE
(ODMR) IN PHOSPHORESCENT TRIPLET STATES AND IN TRIP-
LET FRENKEL EXCITONS. Harris, C. B. (Lawrence Berkeley
Laboratory, Inorganic Materials Research Division).

Saturation of the zero-field electron spin transition of a phos-
phorescent triplet state with microwave radiation causes changes
in the intensity and/or polarization of the emission and thus forms
the basis for optically detected magnetic resonances (ODMR) in
excited triplet states. Because energetic photons are being de-
tected, the sensitivity of the technique is such that it is possible
to detect as few as 10® molecules in a sample. )

If the phosphorescence is monitored from an ‘“‘isolate’’ mole-
cule, ODMR can be used to measure many properties associated
directly with the electron distribution in the triplet state. These
include the electron —electron'dipolar interactions, the electron—
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nuclear hyperfine interactions, and the nuclear quadrupole inter-
actions. In addition, quantitative analysis of the microwave-
induced changes in phosphorescence yields a measure of the routes
and rates of intermolecular energy transfer processes such as T —
S radiative processes and S — T intersystem crossing rates in
addition to the radiationless relaxation rates out of the individual
spin sublevels of the phosphorescent triplet state under investiga-
tion. Analysis of the polarization changes in phosphorescence in-
duced by the microwave field and knowledge of the microwave
transition moment allow the unequivocal identification of the orbital
symmetry of the emitting state, and in some cases a measure of
molecular distortion in these states can even be ascertained.
ODMR also provides a fundamental new technique for studying
the dynamics of triplet exciton migration. It can be used to dis-
tinguish random walk (diffusion) migration of energy from the case
where the exciton dynamics are described by the group velocity
of a wave packet (coherent migration). The importance of coherent
migration is that it provides an extremely effective means of
transporting energy over long distances in times much shorter than
those required in the random walk limit. ODMR in fact provides a
technique for directly measuring the mean free path (the coherence)
of triplet Frenkel excitons in addition to the density of exciton
states.
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03:254 X-RAY PHOTOELECTRON SPECTROSCOPY. Jolly,
William L. (Lawrence Berkeley Laboratory, Inorganic Materials
Research Division).

X-ray photoelectron spectroscopy is being used to study molecu-
lar structure and bonding. Methods for predicting chemical-shifts

~tn core electron binding energies are being devised and evaluated
by comparison of theory and experiment.

We are investigating the core binding energies of a series of
analogous compounds of silicon, germanium, and tin (for example,
the halides, hydrides, and methyl derivatives). We hope that by
comparison of these data with the corresponding data for carbon
compounds we will be able to estimate the extent and significance
of pm—dr bonding. For example, if this type of bonding is important
in SiF,, one would expect the positive charge on the silicon atom
and the negative charges on the fluorine atoms to be exceptionally
low. We are devising a simple method for estimating charges of
atoms in molecules and will apply this method to a Coulomb poten-
tial model for estimating chemical shifts in binding energies. We
plan to develop a method for examining vapors at high tempera-
tures; this will vastly expand the scope of gaseous molecules that
can be studied.
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03:255 ELECTRON PARAMAGNETIC RESONANCE AND MI-
CROWAVE SPECTROSCOPY. Myers, Rollie J. (Lawrence
Berkeley Laboratory, Inorganic Materials Research Division).

We have discovered that Ti(H;0)§* has an observable EPR
spectrum both in a frozen glass and in solution. The frozen glass
has g =1.98 and g, = 1.91. These data indicate a fairly large
Jahn—Teller distortion for the free hydrated complex. Before the
frozen glass melts, its EPR spectrum broadens. This results in
a continuous EPR broadening from solid to solution. These data
indicate an unusual Orbach process as the principal relaxation
mechanism above 200°K both for solid and solution.

We also have been using nuclear magnetic resonance to establish
the rate of spin relaxation for Ni*t, Co’*, and similar ions in solu-
tion. This involves proton NMR on both the water and on a cation
probe in solution. This method is particularly suitable for those
ions with very short relaxation times.
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Our current work on electron—electron exchange in o-NiSO, -
6H,0 has involved a modification of the molecular field model so
that it is suitable for spectroscopy. In this regard we have been
able to explain the temperature independence of the Ni** EPR
spectrum and the rate of relaxation of substituted Cu?*. Since the
molecular field model is an important theoretical tool in interact-
ing solids we will surely do further work on its application to
spectroscopy.
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03:256 OPTICAL SPECTROSCOPY. Conway, John G.
(Lawrence Berkeley Laboratory, Nuclear Chemistry Division).

The atomic spectra of an atom reveal the most complete infor-
mation about the structure of the atom. 'The most complicated or
difficult atoms are those involving f electrons. The elements that
contain f electrons are also known as the lanthanide series and
the actinide series.

Work is in progress to analyze the spectra of these elements.
The information derived from such analyses finds uses in other
fields such as metallurgy, physical chemistry, astrophysics, and
several other fields of physics and chemistry.

Although there are many years of work ahead on both groups
of elements, progress is being made. The actinide group is par~
ticularly difficult because of the very limited quantities available
and the very toxic nature of the radioactive elements. The experi-
mental part of the work must be done along with the interpretation
and theoretical portions to yield the greatest results.

The direction which the work in this field will be taking in the
next few years will be to attempt analyses on the spectra of the
higher stages of ionization, in particular the stages of +2, +3, and
+4, because these are the stages of great interest to solid state
chemistry and physics and solution chemistry. These stages are
more difficult by factors of 10 than what has been done up to now
and will require some very ingenious experimentation, but the
information is so important and needed that the workers will not
be turned away from the task.

03:257 HYPERFINE INTERACTIONS AND NUCLEAR RADIA-
TIONS. Shirley, David A. (Lawrence Berkeley Laboratory, Nu-
clear Chemistry Division).

This project employs the experimental techniques of low-tem-
perature nuclear orientation, Moesshauer spectroscopy, and
perturbed angular correlations of y rays to study hyperfine inter-
actions. The focus of the program is on developments of these
techniques and innovative applications to a wide variety of physical
problems.

Nuclear orientation studies are carried out at temperatures as
low as 0.001°K. Several experiments are in progress. These in-
clude the study of anisotropic angular distribution of fission frag-
ments from oriented, spontaneously fissioning transplutonium nu-
clides. The magnetic moments and spins of high-spin nuclear
isomers are studied by magnetic resonance measurements on
oriented nuclei. Nuclear relaxation times at very low tempera-
tures are also under investigation.

Perturbed angular correlations are being used to study both
static and dynamic hyperfine interactions in solids. Quadrupole
coupling constants in solids and magnetic hyperfine fields in
metals are of particufar interest. Relaxation phenomena in both
liquids and gases are also being explored.

Recent work in this laboratory and at Munich has made Moess-
bauer spectroscopy with 1#Ta relatively straightforward. Further
experirients are in progress in tantalum alloys and compounds.

03:258 PHOTOELECTRON SPECTROSCOPY IN GASES.
Shirley, David A. (Lawrence Berkeley Laboratory, Nuclear
Chemistry Division).

The Berkeley Iron-Free Spectrometer has been adapted to do
ESCA (electron spectroscopy for chemical analysis), or x-ray
photoemission, studies on gases. It is one of only a few facilities
in the world that can be used for this purpose. Measurements are
being carried out of the core-level binding-energy shifts in small
molecules. Of particular interest are hydrocarbons, fluorine-
substituted hydrocarbons, and fluorocarbons all having the same
molecular framework of carbon atoms. The measured shifts are
interpreted to yield rather direct information about the distribu-
tions of electronic charge in these molecules. In fluorobenzene,
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for example, these shifts have shown that carbons in the ortho
positions are negatively charged, in agreement with the chemical
properties of this molecule.

The theory of ESCA shifts is also under active study. An inter-
mediate level molecular orbital theory has been used to predict
shifts, and it has also heen modified to account for electronic re~
laxation during photoemission. Further development of this theory
is in progress.

The ESCA method is also being applied to studies of the valence
electrons, by observation of peaks corresponding to direct photo-
emission from molecular orbitals. In this case molecular orbital
theory is used to predict the relative intensities us well as the
positions of peaks. Comparison of theory with experiment estab-
lishes the hybrid composition of the molecular orbitals in terms
of their constituent atomic orbitals.

03:259 PHOTOELECTRON SPECTROSCOPY IN SOLIDS.
Shirley, David A. (Lawrence Berkeley Laboruatory, Nucleay
Chemistry Division).

ESCA (electron spectroscopy for chemical analysis), or x-ray
photoemission spectroscopy, is being applied to a wide range of
metals and semiconductors. This work is focused on the valence
bands. The first major project is the determination of valence-
band densities of states in as many elements as possible. At this
writing survey experiments have been carried out on twenty-four
elements.

Valence-band density-of-states studies are of utmost importance
in understanding the structure and properties of materials hecause
the position of the valence bands is closely related to the stability
(i.e., to the cohesive energy) of a material. In addition, the valence
bands —together with the unoccupied conduction bands —account
for nearly all of a material’s observed properties. Unfortunately,
although a tremendous effort has been expended on charactevizing
valence bands over the last two decades, most experimental meth-
ods are either indirect or ambiguous. X-ray photoemission appears
to be an important, long-awaited method for establishing valence
band positions definitively.

Work currently in progress with a monochromatized x-ray source
has yielded definitive spectra for gold valence bands. The 5s and
5p bands in the elements Cd, In, Sn, 8b, and Te have been observed
for the first time, and a definitive spectrum has been obtained from
silicon.

03:260 ORGANIC THIN FILMS — PHOTOEXCITED PROPER~
TIES AND ELECTRON ENERGY LOSS. Jarnagin, R. C. (Uni-
versity of North Carolina, Department of Chemistry, Chapel Hill,
North Carolina 27514).

A low-energy electron spectrometer has heen successfully de-
signed and constructed. The spectrometer analyzes electrons
photoejected from surfaces, and having energies in the range 0 to
2 V. The apparent resolution is less than 30 mV from 0.1 to 2 V
energy and less than 0.1 V between 0 and 0.3 V energy. Photo- __
emissive substrates examined have consisted of silver, gold, and
aluminum. The objective of the surface examination has not been
to seek the energy band structure of the metal but rather to ex-
amine the effect of overlay materials deposited on the surface of
the metal and to examine other surface films and ‘““dirts’’. Such
surface films and compounds are the result of both chemical and
physical adsorption and oxidation processes. Such surfaces also
behave catalytically in other kinds of chemical processes. To date
we have been able to locate two states on the surface of oxidized
silver. One state has its parentage primavily from the metal, and
the emission efficiency is temperature-insensitive. The other
state has its parentage primarily in the oxide compound at the sur-
face and its emission intensity is temperature-dependent. Silaniza-
tion of such an oxidized silver surface with trialkylchlorosilane
results in a monolayer or less than monolayer coverage of
Si(alkyl); groups. Electron penetration of surfaces is selectively
attenuated in energy. The general features result in the suppres-
sion of all electrons emitted from the unsilanized surface with
less than 0.5 V energy. The highest-energy electrons are more
severely attenuated by tri-N-propylsilane than by trimethylsilane.
The degree of attenuation is currently being examined and ana-
lyzed for scattering lengths and scattering mechanisms. In the
future it is intended to continue such attenuation studies and to
examine the effects of chemisorbed species upon the surface, par-
ticularly those species that may be of importance in surface het-
erogeneous catalysis.
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03:261 SPECTROPHOTOMETRIC STUDIES OF SOLUTIONS
WITH ALPHA-ACTIVE MATERIALS. Bell, J. T., I. L. Thomas.
(Oak Ridge National Laboratory, Chemical Technology Division).

The major objective of this research program is to develop and
exploit optical techniques for studying the chemical properties of
aqueous solutions, especially of the lanthanide, actinide, and other
transition group elements, over wide ranges of experimental con-
ditions. Experimental techniques include absorption and emission
spectrometry with ancillary density measurement, use of intense
light sources for absorption and. photochemistry, and computer
techniques for the manipulation and analysis of data. The facilities
include a high-temperature-pressure spectrophotometer and a
high-temperature-pressure dilatometer, both designed for contain-
ment of alpha-active materials. This program also includes theo-
retical studies of protonic wave functions and spectra of the
protonic —electronic structures of light- and heavy-metal hydrides,
and related electronic structures.

Current work on the photochemical reduction of uranyl ion may
be extended to higher actinides. Uranyl spectra in different aqueous
media are being measured and resolved; spectra of UO4 may also
be obtained. Equilibria and kinetics in the disproportionation, re-
proportionation, and polymerization of Pu(IV) have been deter-
mined. Studies of uranium(IV} chloride complexes between 25 and
90°C are to be extended to higher temperatures to determine the
thermodynamic quantities of formation. Protonic and electronic
structures of some light hydrides are being calculated, to be ex~
tended to structures of heavy-metal hydrides.
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03:262 ELECTRON SPECTROSCOPY. Carlson, Thomas A.
(Oak Ridge National Laboratory, Chemistry and Physics Division).
Electron spectroscopy has become one of the most important
physical tools to be developed during the last decade for applica-

tion to chemical problems. The work at Oak Ridge played a pio-
neering role in the United States towards that development in the
field of x-ray photoelectron spectroscopy, ultraviolet photoelectron
spectroscopy, and Auger electron spectroscopy. A continuing pro-
gram examines how the potential of electron spectroscopy may be
expanded through improvements in technology and in the exploita-
tion of new areas. As an example of the former, a position-
sensitive detector is being built for use in electron spectroscopy
which ought eventually to increase the data-collecting capacity
100-fold.

As to examples of new areas of research, we have been making
systematic investigations of elements throughout the periodic
table, examining the nature of the inner-shell chemical shifts and
the splitting of photoelectron lines. We have also expanded our
studies on molecular orbitals of the outer shells using angular
distribution measurements. [n the applied field we have demon-
strated the use of electron spectroscopy for a wide variety of
environmental problems, including the study of chemicals adsorbed
on the surface of smoke and other particulate matter, and the be-
havior of toxic metals on compounds of biological interest.

PUBLICATIONS

Carlson, T. A., Electron Spectroscopy for Chemical Analysis,
Phys. Today, 25: 30-39 (1972).

, and A. E. Jonas, Angular Distribution of the Photoelectron
Spectra for Ar, Kr, Xe, H;, Ny, and CO, J. Chem. Phys., 55:
4913-4924 (1971).

Moddeman, W. E., Thomas A. Carlson, Manfred O. Krause, B. P.
Pullen, W. E. Bull, and G. K. Schweitzer, Determination of the
K-LIL Auger Spectra of Ny, Oy, CO, NO, H,0, and CO,, J. Chem.
Phys., 55: 2317-2336 (1971).

Hulett, L. D., T. A. Carlson, B. R. Fish, and J. L. Durham, Studies
of Sulfur Compounds Adsorbed on Smoke Particles and Other
Solids by PPhotoelectron Spectroscopy, in Determination of Air
Quality (Proceedings of Symposium, Los Angeles, Calif., April
1971), J. Mamantov and W. P. Shults (Ed.), Plenum Publishing
Corporation, New York, 1971, pp. 187-195.

61

03:263 SPECTROSCOPY OF FLUORIDE MEDIA. Toth, L. M.,
and Gilpatrick, L. O. (Oak Ridge National Laboratory, Reactor
Chemistry Division).

This program is an experimental study of molten fluoride salts
and mixtures using visible and ultraviolet absorption spectroscopy.
By absorption measurements, through diamond-windowed cells, the
coordination numbers and geometries of transition metal cations
can be characterized in dilute solution in moiten fluorides. These
studies are to: (1) identify the coordination behavior of these metal
ions in solution; (2) determine how the chemical reactivity of the
coordinated species is affected by the solvent environment; and (3)
determine chemical equilibria involving these species by direct
measurement.

In such studies of dilute solutions of UF,; and UF, in molten
2LiF - BeF,, it was observed that rapid equilibration among the
dissolved uranium species, graphite, and insoluble uranium car-
bides occurred at temperatures below 1000°C. Since accurate
thermodynamic data are available for UF, and UF, in this solvent,
measurement of the concentration of these species at equilibrium
yields thermodynamic data for the pure carbide phases. Studies in
progress will attempt to show that these data are independent of the
molten salt solvent system.

Similar studies with fluorides of the potentially useful structural
materials niobium and molybdenum, whose redox chemistry is
still poorly understood, are being initiated; these studies will oc~
cupy much of the immediate future.
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03:264 PHOTOELECTRON SPECTROSCOPY. Thomas, T.
Darrah. (Oregon State University, Department of Chemistry and
Radiation Center, Corvallis, OR 97331).

The major objective of this research is the application of x-ray
photoelectron spectroscopy to solving problems of chemical inter-
est. The work divides into three parts: (1) development of equip-
ment suitable for the intended research; (2) understanding of the
strengths and limitations of the technique; and (3) use of photoelec~
tron spectroscopy for investigation of specific chemical problems.

In the first of these areas, we have designed and built an elec-
trostatic spectrometer suitable for x-ray photoelectron spectros-
copy of both solids and gases. Further work is being aimed at
improving the resolution and intensity, at developing new photon
sources, and at improved data-taking and analysis facilities.

Of great concern in the second area is the problem of reference
level and charging in insulators. We have recently completed an
investigation of alkali halides that begins to shed some light on
this problem. Further work is in progress.

We have been especially interested in the relation between mea-
sured core electron binding energies and the distribution of charge
in molecules. Work on fluorinated benzenes and on alkali halides
shows that these energies can be related in a simple way to charges
on the atoms of the molecules. In addition, we have been concerned
with chemical effects on line shapes and line widths and on use of
photoelectron spectroscopy as a broad-range analytical tool.
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03:265 MICROWAVE ~OPTICAL DOUBLE RESONANCE SPEC-
TROSCOPY. Pratt, David W. (University of Pittsburgh, Depart-
ment of Chemistry, Pittsburgh, PA 15213).

The technique of microwave —optical double resonance (MODR)
spectroscopy is being used to study the static and dynamic proper-
ties of electronically excited triplet states of organic molecules
in low-temperature solids. Particular emphasis is being placed on
problems of significant theoretical interest, such as the determina-
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tion of the signs of zero-field parameters in n,7* triplet states and
the measurement of hyperfine tensors of interacting nuclei. A
large part of our work in the near future will be devoted to aro-
matic molecules containing the carbonyl group for which little in-
formation has been obtained to date.

In addition, use is being made of the adamantane matrix tech-
nique for the measurement of EPR and optical spectra of free
radicals. A large number of f-carbonyl radicals containing six~
membered rings have been prepared and are being studied over
a wide temperature range in order to determine kinetic and ther-
modynamic properties for the ring interconversion process.
Highly resolved optical absorption and emission spectra of free
radicals have also been obtained at room temperature by this
method, and we are presently exploring the possibility that radical
fluorescence can be used to detect EPR spectra of electronically
excited states of free radicals.
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03:266 STUDIES IN NUCLEAR AND RADIOCHEMISTRY.
Herber, Rolfe H. (Rutgers University, School of Chemistry,
New Brunswick, N. J. 08903).

The major emphasis in this project has been the exploitation of
recoilless emission and absorption of nuclear gamma radiation
(Moessbauer Effect) in the study of a wide variety of chemical
problems including those of structure and bonding in organome-
tallic compounds of iron and tin, chemical effects of nuclear trans-
formation, intra- and intermolecular bonding forces and structural
integrity of molecules undergoing phase changes, inter alia. A de-
tailed study of the model compound [(CgHs);SnCl,], both as a neat
solid as well as in frozen solutions of basic and nonbasic solvents,
has been carried out and has clarified the role of crystalline stack-
ing forces in influencing the anomalous bond angles and bond dis-
tances which are deduced from an x-ray diffraction study of this
material. The temperature dependence of the recoil-free fraction
has been determined over the temperature range 78 = T = 180°K to
elucidate the role of intra- and intermolecular bonding forces in
the neat solid. A detailed and extensive study has been carried
out on the structure and bonding of other organometallic com-~
pounds including (a) tin(lv) diethyldithiocarbamates; (b) tin(IV)
sulfates and thioglycollates; (¢} (7CgHg) —iron compounds with a
variety of phosphorus-containing ligands; {d) hydrazine derivatives
of Fe(Il}, Ni(Il, and Sn(IV); and (e) dialkylformamide complexes of
Sn(Iv). Related studies on solid state properties, hot atom chem-
istry and chemical effects of isomeric transitions and internal
conversion are currently underway.
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03:267 GASEOQUS ION CHEMISTRY: ANALYTICAL APPLICA-
TIONS. Torrey, Rubye P. (Tennessee State University at
Nashville, Department of Chemistry, Nashville, Tennessee 37203).

The purpose of this study is to evaluate the performance char-
acteristics of a high-pressure electron-impact ion source. The
ionization efficiency of the source is being evaluated in terms of
the positive ion current of argon as a function of pressure in the
pressure range from 0.15 to 3.0 torr, the pressure above which
Ar¥ and Ar?* have disappeared. The electrons are obtained from
a heated thoriated iridium filament and energized to 100 eV. From
the data it appears that an increase in argon pressure of approxi-
mately 0.4 torr causes a reduction in the ionization efficiency by
approximately 50% for Ar* and approximately 75% for Ar?*.

Experiments are being carried out using 50-eV electrons with
argon, helium, and argon—helium mixtures to determine whether
pressure affects the energy of the ionizing electrons so that the
mechanism by which the ions disappear can be attributed to a re-
duction of electron energy in the region from which the ions are
made.

THEORETICAL CHEMISTRY

Future work will include a study of the heteronuclear associative
ionization of the argon —ammonia system. It appears that the mole-
cule ion, ArNH{, can be formed by this mechanism from the en-
ergetics. The mode of formation in terms of the electronic struc-
ture of ammonia will be a point of interest.

ALSO SEE Nuclear Spectroscopy: 03:1, 03:7; Heavy Element
Chemistry: 03:65, 03:69, 03:71, 03:75, 03:80, 03:86, 03:92, 03:94,
03:98; Radiation Chemistyry: Aqueous; 03:105, 03:106, 03:107,
03:108, Radiation Chemistry: Gaseous; 03:120, 03:122, 03:123,
03:126, 03:127, 03:128, 03:131; Radiation Chemistry: Olher;
03:132, 03:144, 03:149, 03:151, 03:156, 03:158, 03:161, 03:163,
Photochemistry and Enevgy Transfev: 03:170, 03:175, 03:176,
03:178, 03:179, 03:180, 03:183, 03:189, 03:190,; Hot Atom Chem-~
istry: 03:208; Kinetics and Mechanismns: 03:219, 03:221, 03:223,
03:225; Theoretical Chemistry: 03:283, 03:284; Isotope Chem-
istry: 03:289, 03:296, 03:297, 03:299, 03:302; Thermodynamics:
03:310, 03:311, 03:313; High-Tempevature and Inovganic Chem-~
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THEORETICAL CHEMISTRY
Theorctical studies of structure and reactivity.

03:268 IRREVERSIBLE PROCESSES IN POLYATOMIC GASES.
Hoffman, David K. (Ames Laboratory, Chemistry Division).

In recent years there has been increased interest in the theory
of transport and relaxation processes in polyatomic gases. This
has been encouraged by the discovery of certain transport phe-
nomena that critically depend on internal molecular Struéture and
by simultaneous advances in the kinetic theory of polyatomic gases
and in computational methods. Study of these phenomena is im-
portant since they shed light on macroscopic processes of basic
interest to physicists and chemists and, at the same time, provide
a possible means for studying molecular properties such as inter-:«
action potentials. Efforts in this laboratory are being directed
toward investigation of the theory of certain transport phenomena
which are sensitive to rotational degrecs of freedom, and to the
development of molecular models which can provide a semi-
quantitative test of the theory. To the present, model calcula-
tions have been limited to rigid molecular models (which give
only a crude representation of valence repulsion forces and ig-
nore attractive interactions). Calculations have been performed
for both linear and nonlinear molecules. Future studies in this
program will be directed toward broadening the range of phe-
nomena under investigation and toward developing more realistic
moleccular models. In the latter regard, recent advances made in
this laboratory and elsewhere show much promise.
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03:269 EFFECTIVE EXPANSIONS OF ATOMIC AND MO-
LECULAR ELECTRONIC WAVEFUNCTIONS. Ruedenberg, Klaus.
(Ames Laboratory, Chemistry Division).

Because of the development of high-speed computers in the past
two decades, quantum mechanical principles have become ap-
plicable to molecular problems. Quantum chemical calculations
arc infusing theoretical predictions of steadily increasing impact
into experimental chemistry, a science that for more than a cen-
tury had to rely on empiricism. Such predictions derive from the
electronic wave functions. The calculation of these key quantities
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is the pivotal and hardest problem. Fundamental contributions to
its solution have come from the theoretical chemistry group at the
Ames Laboratory.

Expansion in terms of configurations of antisymmetrized spin
orbital products is the most effective current wave function con-
struction procedure. In this context, two difficult problems have
been solved recently. Simple, efficient expressions for the en-
ergy contributions from general configurations that are also spin
eigenfunctions with arbitrary couplings have been derived and
implemented, using a group theoretical analysis of the permu-
tational symmetry. Furthermore a rapidly convergent optimiza-
tion procedure for the one-electron molecular orbitals occurring
in multiconfigurational expansions has been developed and imple-
mented using the generalized Brillouin theorem and natural or-
bitals. These novel advances promise considerably easier access
to approximations of practical accuracy by means of computer
programs currently under construction,

PUBLICATIONS

Ruedenberg, K., Expectation Values of Many-Fermion Spin Eigen-
states, Phys. Rev, Lett,, 27: 1105 (1971).

, and R. D. Poshusta, Matrix Elements and Density Matri-

ces for Many-Electron Spin-Eigenstates Built from Orthonormal

Orbitals, Advan. Quant, Chem., 6: 267 (1972).

03:270 EVEN-TEMPERED ATOMIC ORBITALS FOR ATOMIC
AND MOLECULAR CALCULATIONS. Ruedenberg, Klaus. (Ames
Laboratory, Chemistry Division).

The elementary quantitative wave function building blocks are
atomic orbitals, one-electron one-center functions that are most
economically expressed as spherical harmonics multiplied by ex-
ponentials of the type exp (—¢;r) or exp (~¢xr%. The optimal
choice of large sets of parameters £y, is a erucial factor and
yet, because of the nonlinear dependence, an extremely time- and
money-consuming task in atomic and molecular work. Substantial
progress has been achieved through our discovery that without
loss of accuracy these parameters can be expressed simply in
terms of a much smaller number, namely, in the form of geo-
metric series. This reduction increases economy and effective~
ness by orders of magnitude wherever many atomic-orbital
basis functions are required. In radon, for example, the number
of nonlinear parameters is reduced from about forty to four groups
of two. In many cases the reduction makes the difference between
feasibility and nonfeasibilitv. Even-tempered atomic orbitals of
this type have been determined for a large number of atoms, many
of them heavy (e.g., Gd, Xe, Ru), for which no analytical wave func-
tions had been available so far. For certain atoms additional de-
tailed features of these basis sets are being refined to yield opti-
mal usefulness in molecular calculations. Such calculations were
made predicting the stabilities, dissociation energies, and geo-
metrical shapes of the, as yet unknown, trialkali ions Li, Naf,
NayLi*, NaLif, Na,H*, Li,H*, NaH$, and LiH$. In current work
optimal even-tempered atomic orbitals are determined in typical
molecular environments for such common atoms as carbon, nitro-
gen, and oxygen, for general use.
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03:271 PREDICTIVE INTERPRETATIONS OF ATOMIC WAVE
FUNCTIONS, Ruedenberg, Klaus. (Ames Laboratory, Chemistry
Division).

Molecular wave functions ¢apable of predicting useful values for
observable physicochemical properties are so complicated that it
is usually difficult to discern the theoretical origin of interesting
quantitative variations of such properties under molecular defor-
mations or between related molecules. It becomes a separate task
to devise mathematical procedures in order to extract the essen-
tial quantitative factors and form corresponding conceptual inter-
pretations, By analyzing the homopolar and heteropolar one-
electron bond, the roles of the kinetic and potential energies, as
well as charge rearrangements, were elucidated and past mis-
interpretations resolved. The partitioning of molecules into
electronic subsystems that can be quantitatively recognized in
different molecules, and are therefore transferable, has been
succesgfully accomplished by the extraction of localized molecular
orbitals for numerous diatomic and polyatomic molecules® The
aim is to establish quantitative formulations for concepts of elec~
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tronic structure, such as lone pairs, bonds, etc., which will allow
approximate conceptual syntheses of rigorous theoretical results
and, thereby, offer experimental chemists reliable guidelines for
intuitive anticipation of structure and properties of new com-
pounds.
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03:272 THEORETICAL STUDIES OF LIQUIDS AND SOLU-
TIONS. Feder, H., H. Schnyders, (Argonne National Laboratory,
Chemical Engineering Division).

A model is being developed that will allow the prediction of
thermodynamic properties of gases dissolved in molten alkali
metals. Recent improvements in the model were achieved by
introducing a more specific and accurate representation of the
repulsive forces between solute and solvent atoms and by mini-
mizing the chemical potential of the solute with respect to dilata-
tion. The extended theory thus becomes a method of calculating
(for dilute alloys) not only the excess free energy and enthalpy of
formation but also the excess volume of formation,

Sophisticated quantum-mechanical calculations of short-range
repulsive forces between two argon atoms were performed. From
these, a complete nonempirical pair-potential curve was synthe-
sized. Standard tests of this pair potential were performed. Over
a wide range of temperatures (100 to 1600°K), second virial coef-
ficients and viscosities of gaseous argon were calculated; agree-
ment with experimental data is one percent or better., Work has
begun on the calculation of the equation of state of liquid and solid
argon, because agrecment with experiment would provide the most
sensitive possible test of the accuracy of our representation of
the short-range forces and the first thorough test of the ability of
a nonempirical pair potential to predict a wide range of thermo-
dynamic behavior,

Application of the results of these various studies can be an-
ticipated in areas such as sodium coolant chemistry for LMFBR’s,
coolants and blankets for controlled thermonuclear reactors, new
methods for the recovery and purification of nuclear fuels, nuclear
safety and energy conversion.
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03:273 FOUNDATIONAL PROBLEMS IN PHYSICS.
P. (Argonne Natjonal Laboratory, Chemistry Division).

One important goal of this research is to construct physical
theories that are essentially quantum mechanical in nature and
maximally self-referential, That is, they refer to as much of
their own metaphysics (this term is used here in the same sense
as ‘“metamathematics’’ is used in mathematics) as is possible.
The importance of this goal is that the requirement that a theory
be maximally self-referential is equivalent to the requirement that
a theory be maximally objective.

To this end, work is progressing on modifying a definition pro-
posed earlier of validity or agreement hetween experiment and a
physical theory. The aim of the modifications is to bring the
definition from the metaphysical world into the domain of the
physical theory under consideration and at the same time make
it quantum mechanical.

It is expected that, among other things, this work will make use
of the description developed for general procedures in quantum
mechanics by means of probability operator measures.

Benioff,
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, Operator Valued Measures in Quantum Mechanics: Finite
and Infinite Processes, J. Math. Phys., 13: 231 (1972).

03:274 RELATIVISTIC CALCULATIONS OF ATOMIC PROP-
ERTIES. Benioff, P. (Argonne National lLaboratory, Chemistry
Division).

The goal of this work is to calculate inner shell electron binding
energies in heavy atoms with more accuracy than has yet been
reported. In particular, it is hoped to calculate the corrections
due to all the fourth order Feynman diagrams to add to the exist~
ing second order calculations,

This program has been initiated very recently, and the first
phase of the work is to obtain, for the energies contributed by the
various diagrams, theoretical expressions suitable for computa-
tion. For those fourth order diagrams without any self-energy
parts the work is going well and, barring any unforeseen prob-
lems, should be completed in the next year.

03:275 DEVELOPMENT OF THEORY, TECHNIQUES, AND
COMPUTER PROGRAMS FOR THE COMPUTATION OF CHEMI-
CAL PHENOMENA. Wahl, A. C., G. Das and P. Benioff, (Ar-
gonne National Laboratory, Chemistry Division).

Theoretical chemistry has been traditionally both a unifying
conceptual language for the chemist as well as a tool for inter-
preting and (to a more limited extent) predicting chemical behav-
ior. During the past ten years, largely because of the advent of
more and more powerful computing machines and methods, the
predictive accuracy of modern theoretical techniques has heen
vastly improved, As a result of this development of new quanti-
tative theoretical capability, more and more constructive inter-
action is taking place between theoretical and experimental chem-
ists. Some of the most useful results obtainable from modern
computations are the binding energies, the interaction potentials
and surfaces (including Van der Waals), ionization potentials,
electron affinities, excitation energies, dipolc and higher moments,
and the geometry of simple chemical systems.

When these fundamental atomic and molecular characteristics
“are co.nputed accurately and coupled with statistical mechanics
and dynamics, predictions are being made concerning bulk prop-
erties of matter such as its thermodynamics, transport, and ki-
netic behavior,

One of the most important aspects of this capability for com-
puting the electronic structure of atoms and molecules is the
ceatral position that the results of such calculations occupy
throughout the full range of chemistry, Namely, the character-
istics of individual atoms and molecules and the forces between
them form the fundamental information needed as partial input to
all phenomenological theory. The theoretical capability we are
developing at Argonne can often provide some basic information
in a general way as a complement or as an alternative to experi-
ment. The fundamental nature of the information that this facility
generates also provides an extremely flexible capability that can
vield specific information which we know we will need on a con-
tinuing basis regardless of shifts in applied problems.

The results of these quantum mechanical calculations are cur-~
rently providing necessary fundamental input to a wide variety of
areas. Prominent among these are: (1) scattering theory; (2) mo-
lecular dynamics; (3) chemical kinetics; (4) spectroscopy; and
(5) thermodynamics. In addition to being an alternative and com-
plementary source of reliable information in these major areas
of chemistry, some recent computations have played an important
role in settling an experimental controversy and, as predictions,
in providing a conceptual framework for the experimentalist. It is
the flexible utility of the fundamental nature of the results of
quantum mechanical calculations that must be stressed.

Our group has been continuously developing, over the past seven
years, methods for approximately solving the Schroedinger equa-~
tion for nontrivial molecules accurately enough to use the result-
ing energies and wave functions to predict a wide variety of atomic
and molecular properties and behavior.

We are extending these techniques to larger systems ard de-
veloping better methods for including relativistic effects essential
to understanding energy levels in heavy elements,

PUBLICATIONS

Wahl, A. C., and G. Das, The Method of Optimized Valence Con-
figurations: A Reasonable Application of the Multiconfiguration
Self-Consistent Field Technique to the Quantitative Description
of Chemical Bonding, in Advances in Quantum Chemistry, P. O,
Lowdin (Ed.), Academic Press, Inc., New York, 1970, pp. 261-
296.

__, Chemistry by Computer, Sci. Amer., 222(4): 54-58 (1970).

Das, G., and A. C. Wahl, New Techniques for the Computation of
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Multiconfiguration Self-Consistent Field (MCSCF) Wave func-
tions, J. Chem. Phys., 56{(4): 1769-1775 (1972).

O’Hare, P. A. G, and A. C. Wahl, Quantum-Chemical Study of
Some PPnicogen Monofluorides, J. Chem. Phys., 54(11): 4563-
4577 (1971).

03:276 THE ELECTRON STRUCTURE, SPECTRA, AND
PROPERTIES OF DIATOMIC MOLECULES. Wahl, A. C., G. vas,
W. Stevens and M. Attermeyer., (Argonne National Laboratory,
Chemistry Division).

Modern a priori theoretical techniques are being applied to a
wide variety of diatomic systems in order to predict their energy
levels, binding energies, vibrational frequencies, transition prob-
abilities, and electron properties such as dipole and higher mo-
ments and polarizabilities.

The rationale for the selection of a given diatomic system or
series usually comes from a direct experimental or program-
matic interest. Currently, we are studying alkali dimers whose
properties are of interest in fusion technology, a series of fluo-
rides in collaboration with the Chemical Engineering Division,
atmospheric diatoms related to aeronomic modeling, and metal
chlorides that are being concurrently studied experimentally in
the Physics Division,

These studies have successfully predicted binding energics,
electron affinities, and ionization potentials and, in some cases,
aided in settling an experimental controversy. They also, through
their direct relation to an ongoing experiment, have provided a
framework for interpreting results as they occur.

We intend to continue these collaborative studies. Among the
systems scheduled for study in the near future are heavy-metal
hydrides whose properties are of possible importance in contain-
ment problems connected with the CTR program, other diatomic
systems of energetic importance in the earth’s atmosphere, and
interstellar species.
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Bertoncini, P. J., G. Das, and A. C., Wahl, A Theoretical Study of
the 15+, 35+, 3,, 1, States of NaLi and the 2 ;+ State of LaLi*,
J. Chem. Phys., 52: 5112-5130 (1970).

O’Hare, P. A. G., and A. C. Wahl, Hartrec —~Fock Wavefunctions
and Computer Properties for the Ground (%I) States of SF and
SeF and Their Positive and Negative Ions. A Comparison of the
Theoretical Results with Experiment, J. Chem. Phys,, 53(7),
2834-2846 (1970).

Julienne, P. 8., M. Krauss, and A, C. Wahl, Hartrce —Fock Energy
Curves for XI and 2E* States of HF*, Chem. Phys. Lett., 11(1):
16-20 (1971).

Das, G., and A. C. Wail, New Techniques for the Computation of
Multiconfiguration Self-Consistent Field (MCSCF) Wavefunc-
tions, Chem, Phys., 56(4): 1769-1775 (1972).

03:277 ENERGY SURFACES, COLLISION THEORY, AND MO-
LECULAR DYNAMICS. Wahl, A. C., A. Karo, A Wagner and
C. W. Wilson. (Argonne National Laboratory, Chemistry Division).

In principle, if one has the details of the forces acting between
atoms and molecules and a complete knowledge of their low-lying
electronic states, predictions can be made of their scattering be-
havior and, if reactive, of their reactivity,

Because of the relatively recent ability of modern computational
theory to yield reliable energy quantities, it is possible to pre-
dict collisional phenomenon and, alternately, reaction rates with
some confidence. '

This is usually done by solving Hamilton’s classical equations
of motion for the interacting particles over the quantum mechani-
cal energy surface for a statistically selected set of initial par-
ticle states. We are currently studying the chemical reactions
Li + Hy == LiH + H (collaboratively with LLL), H + Li, = LiH + Li,
and a variety of systems being concurrently studied by the Chem-
istry Division’s Molecular Beam Group. These studies yield de-
tailed knowledge and models of reaction mechanisms, charge, and
energy transfer processes.

We intend to continue studies of interest to the molecular beam
group and to apply similar techniques to selected energy-transfer
processes arising in radiation and photochemistry. When our
interaction potentials are completed for the heavy-metal hydrides,
a prediction of scattering cross reactions will be made. Molec-
ular dynamics calculations will also be made in connection with
our program on molecules of atmospheric interest.

An effort will continue to carry these calculations all the way
to the first principal prediction of reaction rates.

03:278 THEORETICAL EVALUATION OF VAN DER WAALS
FORCES. Wahl, A, C., W. Stevens and G. Das (Argonne Na-
tional Laboratory, Chemistry Division),



THEORETICAL CHEMISTRY

Van der Waals forces dominate the low-energy collision and
interaction between atoms and molecules and much of their trans-
port behavior. It is only recently that reliable techniques have
been developed for computing these small interaction energies on
a first principle basis. Our research group is engaged in the de-
velopment of a sound theoretical model for the calculation of these
forces, which are very difficult to obtain from experimental
sources alone. Accurate predictions of the shape of the interac-
tion potential have been made for He,, HeH, and LiHe. These
predictions were subsequently confirmed experimentally. We are
currently performing similar calculations on Ne,, Ar,, NaLi, and
Na,. We intend to do long-range calculations on heavy-metal hy-
drides of possible interest to CTR technology.
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Bertoncini, ., and A. C. Wahl, Ab Initio Calculation of the He-
lium—Helium 1z, Potential at Intermediate and Large Separa-
tions, Phys. Rev. Lett,, 25(15): 991-994 (1970).

as, G., and A. C, Wahl, Theoretical Study of the Van der Waals
Forces in Alkali—Noble Gas Systems, Phys. Rev., A4(3): 825-
833 (1971).

, and A. C. Wahl, New Techniques for the Computation of

Multiconfiguration Self~-Consistent Field (MCSCF) Wavefunc-

tions, J, Chem, Phys., 56(4): 1769-1775 (1972).

i
03:279 THEORETICAL STUDIES OF ATMOSPHERIC TRI-
ATOMIC AND DIATOMIC SPECIES. Wahl, A, C,, C. W, Wilson
and R. Hosteny. (Argonne National Laboratory, Chemistry Divi-
sion).

The spectra (both electronic and infrared) and kinetic behavior
of small atmospheric triatomic molecules under stressful atmo-
spheric conditions are not well understood. The understanding of
these phenomena, which is fundamental to aeronomic modeling,
requires a knowledge of the energy surfaces governing the col-
lision and recombination of the triatomic constituents and their
subsequent relaxation as well as the prediction of how these sur-
faces underlie other physical behavior.

Our current work on atmospheric systems consists of two parts.

First, a preliminary, critical review of the literature is bheing
undertaken to obtain all the available experimental and theoretical
information that would assist the construction of energy curves
for HyO, COy, Oy, NO,y, NyO, and their ions. This critical review is
using as a reference a theoretical description of the electronic
structure of these molecules drawn from molecular orbital theory
and correlation rules as well as existing calculations, Energy
points in the neighborhood of the equilibrium geometry and at dis-
sociation limits can be fixed from experiment,

In a few instances, notably H,O, energy surfaces can already be
constructed from existing theory and experiment. This initial re-
view is not sufficient for a detailed construction of energy curves
but will be used to establish a list of calculations of varying com-

' plexity and priority that can determine the energy surfaces to
pre~specified levels of accuracy. It is expected that priority will
be given to the determination of all energy surfaces arising from
ground and lowest excited state fragments and to the dominant
absorption features at the equilibrium geometry.

Second, a planned set of ab initio calculations is being under-
taken on the top priority surfaces. At the equilibrium geometry
of the ground state accurate multiconfiguration self-consistent
field (MC-SCF) and configuration interaction (CI) calculations
will be undertaken to fix the vertical excitation energies of the
surface to the order of several tenths of an eV, At large internu-
clear separations a combination of perturbation and MC-SCF cal-
culations will be performed to determine the medium-range be-
havior of all energy surfaces arising from low-lying energy
asymptotes.

Equilibrium positions of excited states and more extensive sur-
veys of energy surfaces between equilibrium and asymptote will
then be calculated by the fastest, most reliable techniques that can
be used. The resulting energy surface will then be employed in
scattering and dynamics studies to yield spectra and the kinetic
behavior of these species,

03:280 STATISTICS IN STRUCTURE AND REACTIVITY THE-
ORY. Ehrenson, S. (Brookhaven National Laboratory, Chem-
istry Department),

The objectives of the work described in this summary are to
explore the predictive and correlative abilities of various sta-
tistical methods as applied to the theory of molecular structure
and reactivity. Three main paths of investigation may be delin-
eated.

Sophisticated Monte Carlo sampling techniques are being used
for the numerical integration, by the local energy method, of cor-
related wave functions for small molecules. Upon determination
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of efficient weighting functions for the sampling, attempts will be
made to extend the flexibility of wave functions limited by ana-
lytical integration problems. The James—Coolidge—Kolos func-
tions for H, are presently under investigation.

The effects of radial weighting on the expansion of various
exponential-type orbital functions in terms of Gaussian-type
orbitals are being scrutinized, using full nonlinear least squares
fitting procedures. Important weighting effects have been noted
for a number of expectation values, including energy, in the STO
expansions and SCF expansions for first-row atoms, Of continuing
concern is the modification of these effects when molecular or-
bitals are constructed from the atomic orbital expansions.

The properties of large molecules are being investigated by
concurrent application of statistical methods to experimental
data in the form of linear free energy equations and to the re-
sults of semiempirical MO theory for corresponding typical sys-
tems. Valid separations of inductive and resonance effects of
substituents on reactivities and physical properties of aromatics
are obtained from the dual-substituent linear free energy equa-
tion. Future interest lies in wider application of the correlation
equations and in the potential utility of charge and bond index
measures obtainable from the CNDO/2 method for correlation of
these separated effects.
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Treatment of Substituent Effects in the Benzene Series. A
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in Progress in Physical Organic Chemistry, Interscience Pub-
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Molecular Energies, Theor. Chim. Acta (Berl.), 20: 17 (1971).

, Weighted Small Gaussian Expansions of Slater-Type

Atomic Orbitals, Chem. Phys. Lett., 9: 521 (1971).

03:281 QUANTUM CHEMISTRY. Ehrenson, S, J. Mucker-
man, M, Newton (Brookhaven National Laboratory, Chemistry
Department).

This research is concerned with developing orbital theories of
quantum chemistry (valence bond, molecular orbital, and configu-
ration interaction), and applying them to problems of molecular
structure, energetics, and reactivity, both at the ab initio and the
semiempirical level. Current ab initio structural studies involve
the nature of solvation complexes (e.g., solvated protons and elec-
trons), the bonding in highly strained hydrocarbons, and biologi-
cally important conformational effects (e.g., the stereochemistry
of phosphate esters). For the solvation studies, the usual Schroe-
dinger equation formalism has been extended to include the poten-
tial energy from a polarized dielectric continuum.

The potential energy surfaces for several reactive systems
have also been investigated. For the F + H, — FH + H reaction,

a semiempirical (LEPS) surface has been generated and used in
extensive dynamical studies, leading to a detailed microscopic
analysis of the kinetics in good agreement with available experi-
mental data. More general semiempirical valence bond methods
are being developed for more complex systems such as CHy + H,
Various abstraction and exchange modes for the latter rcaction
have also been studied by molecular orbital calculations. Ab
initio configuration interaction calculations have been initiated
to elucidate the mechanisms of reactions of hot !!C atoms in dif-
ferent electronic states (3P, D, !8) with alkane substrates and
their halogen derivatives.
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Newton, M. D., and S, Ehrenson, Ab Initio Studies on the Struc-
tures and Energetics of Inner and Outer Shell Hydrates of H*
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Systems. Bicyclobutane, J. Amer. Chem, Soc., 94: 967 (1972).

, and J. M. Schulman, Theoretical Studies of Tricyclo-~
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Soc., 94: 773 (1972).

Ehrenson, S., and M. D. Newton, Ab Initio Studies of Hydrogen
Exchange and Abstraction in the H + CH, System, Chem. Phys.
Lett., 13: 24 (1972).

Weston, R, E., and 8. Ehrenson, Hydrogen Exchange and Abstirac-
tion in the H + CH, System as Calculated by the CNDO/2 Method,
Chem. Phys. Lett., 9: 351 (1971).

03:282 THEORETICAL STUDIES OF MOLECULAR COLLI-
SION DYNAMICS. Muckerman, James T, (Brookhaven National
Laboratory, Chemistry Department).
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This work is directed towards the prediction of single-collision
phenomena in the gas phase, with energy transfer and chemical
:eaction receiving the major emphasis. In the category of energy
sransfer the research is concerned with the calculation of cross
sections and isotope effects in inelastic collisions, especially
those related to atomic recombination, fluorescence quenching,
collisional dissociation, and photodissociation. The research on
chemically reactive systems is directed towards the calculation
of reaction cross sections and rate constants, isotope effects, and
the deposition of the energy of reaction in reaction products, A
further aim of this project is to aid in the interpretation of results
of experimental dynamical studies carried out in this department
and elsewhere.

Current work, e.g., hydrogen recombination kinetics and ther-
mal and hot atom studies of reactions of fluorine atoms (!*F in
the hot atom studies) with isotopes of hydrogen, employs both
classical and semiclassical interpretations of the exact numerical
solutions to Hamilton’s equations of motion for a system of atoms
interacting according to an appropriate semiempirical potential
energy function. To convey the results of these calculations in the
most useful form, computer graphics and animation of numerical
data are also an integral part of this program,
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Muckerman, J, T., Classical Dynamics of the Reaction of Fluorine
Atoms with Hydrogen Molecules. II. Dependence on the Poten-
tial Energy Surface, J. Chem, Phys., 56: 2997 (1972).

Truhlar, D. G., J. T. Muckerman, and M, D. Newton, Comment on
““Multiple Potential Energy Surfaces for Reactions of Species in
Degenerate Electronic States,” J. Chem. Phys., 56: 3191 (1972),

03:283 BASIC STUDIES OF ATOMIC DYNAMICS. TFano, U.
_ {University of Chicago, Department of Physics, Chicago, Illinois
60637).

‘This project investigates the theoretical mechanisms of elec-
tron reactions with molecules and atoms, that is, of the detach-
ment, attachment, and energy-exchange processes of low-energy
electrons in matter.

One approach, which has been fruitfully emphasized here in
rccent years, consists of separating a long-range (dissociation)
zone, where an electron experiences a simple Coulomb or other
attraction, from a short-range (close-coupling) zone where ex-
change and other many-body forces are essential. Up to this year,
we have analyzed various phenomena in the dissociation zone,
using boundary values of the electron’s wave function at the edge
of the close-coupling zone as empirical parameters. The publica-
tions listed below are mainly examples of this work.

The next major objective is to devclop analytic and numerical
methods for studying the close-coupling zone by itself and thus
producing ab initio values of the boundary parameters to replace
the empirical values.

Much attention is directed now to the connection between inner
shell photoabsorption spectra of atoms and molecules and analo-
gous, but _still unexplained, structures in spectra of ionic ;

allic crystals. In molecules, electronegative :téoms present
'%W‘TEMOn escape. Analogous barriersdo occur in
crystals but only when the electrons emerge from a localized

hole. Theentire project’s orientation may thus he veering from
gasceous to condensed phase.
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(1972).

Rau, A. R, P, and U. Fano, Theory of Photodetachment near Fine~
Structure Thresholds, Phys. Rev., A, 4: 1751 (1971).

Starace, A, F., Potential-Barrier Effects in Photoabsorption. 1.
General Theory, Phys. Rev., B, 5: 1773 (1972).

Dill, Dan, Angular Distribution of Photoelectrons from H, in the
Range of Rotational Autoionization, in Electron Spectroscopy,
D. A. Shirley (Ed.), North Holland Publishing Company, Am-
sterdam, 1972, p. 277.

03:284 THEORETICAL STUDY OF FINE AND HYPERFINE
STRUCTURES AND THEIR EFFECT ON RADIATIVE INTERAC-
TION AND ENERGY-TRANSFER PROCESSES. Chow Chiu,
Lue-yung (Howard University, Department of Chemistry, Wash-
ington, D. C. 20001). .

Rotational and vibrational effects on the fine and hyperfine struc-
ture of a diatomic and a triatomic molecule have been studied.
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Results on the fine structure splittings of & rovibronic level of &'
linear triatomic molecule have been reported. Spin—spin interac~
tion was found to give rise to additional, new splittings. Hyperfine
splittings, which are due to nuclear magnetic dipole and nuclear
electric quadrupole interactions, are presently under investiga-
tion. As for the diatomic molecules, the stretching vibrational
dependence on the coupling constants will be calculated.

We are also studying the energy and coherence transfer process
due to collision of the second kind. The coherence transfer pro-
cess was studied by calculating the polarization of sensitized fluo-
rescence, and coherence was found somewhat transferred in many
cases. This suggests that the collisional process does not ran-
domize the phases of the excited states completely. We are now
studying the relative cross section of the sensitized fluorescence
when different pairs of fine structure levels of the excited states
are involved in the excitation transfer. The cross sections ob-
tained this way can he compared directly with the known experi-
mental results. The fine structure dependence of the energy-
transfer process gives direct dependence of energy transfer
versus angular momentum transfer.
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Chow Chiu, Lue-yung, Fine Structure of the Rovibronic Levels of
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, Spin—Spin Interaction and the Energy Splitting of the

Rovibronic Levels of a Linear Triatomic Molecule, J. Chem,

Phys., 54: 4100 (1971).

, Collisional Transfer of Coherence: Polarization of Sen~

sitized Fluorescence, Phys. Rev., A, 5: 2053 (1972).

03:285 THEORY OF LOW-ENERGY ATOMIC AND MOLECU-
LLAR COLLISIONS. Miller, William H. (Lawrence Berkeley
Laboratory, Inorganic Materials Research Division).

The overall goal of our research program is a detailed under-
standing of atomic and molecular collision dynamics in the low-
energy region of primary chemical interest (i.e., collision ener-
gies from thermal energy up to several electron volts), Current
work is involved with developing a general semiclassical theory
of molecular dynamics. Much progress has already been achieved
in this direction, and effort is now concentrated in extending these
methods to the description of classically forbidden (i.e., tunneling)
processes for which the usual classical trajectory methods are
completely inapplicable. Two examples of such tunneling pro-
cesses that are extremely important at thermal energy are vibra-
tional energy transfer in simple diatomic molecules and reactive
collisions for which there is a significant activation barrier.
Initial results for the linear H + H, reaction show that the semi-
classical theory accurately describes the tunneling region helow
the classical threshold, which is the dominant factor in the ther-
mal energy rate constant. Another application in progress is a
full three-dimensional calculation of vibrational energy transfer
in collisions of H, and He; this work employs an accurate poten-
tial energy surface and should thus give physically meaningful
results to compare with recent shock tube measurements of the
vibrational relaxation time. Three-dimensional calculations of
the H + H, reaction are also planned.
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03:286 PHYSICAL CHEMISTRY WITH EMPASIS ON THER-
MODYNAMIC PROPERTIES. Pitzer, Kenneth 8, (Lawrence
Berkeley Laboratory, Inorganic Materials Research Division).
Aqueous solutions of several solutes, usually electrolytes, are
of enormous practical importance in situations all the way from
the separation processes for spent nuclear fuel to the biological
processes in the human body. While very dilute solutions of single
solutes were investigated intensively and, in most cases, suc-
cessfully several decades ago, the theoretical basis for concen-
trated solutions, for mixed solutes, and for solutions containing
multiply charged ions of each sign is far from satisfactory. Sev-
eral closely related investigations will attack these problems with
the objective of making possible predictions of the properties of
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mixed electrolytes of realistically high concentration from a min-
imum of experimentally determined parameters.

Statistical theories are being developed that are applicable to
mixtures of ions of different sizes as well as different electrical
charges. Separately, but with guidance from theory, we are test-
ing various schemes for empirical representation of the proper-
ties of mixed electrolytes. Sufficient progress has been made in
both areas to give confidence of a successful outcome of this pro-
gram. X-ray-scattering studies are planned for a few solutes with
very heavy ions where ion scattering will dominate that from the
solvent in order to check the radial distribution predicted theo-
retically.

PUBLICATION

Pitzer, K. S., Thermodynamic Properties of Aqueous Solutions of
Bivalent Sulfates, J. Chem. Soc., Faraday Trans., II, 68: 101
(1972).

)3:287 STRUCTURES AND BINDING ENERGIES OF SOME
VMOLECULAR IONS. Huang, J. J. and M. E. Schwartz (Uni-
versity of Notre Dame, Radiation Laboratory).

The geometries and binding energies of univalent molecular
ions are investigated by various quantum mechanical methods.
This work was initiated as a first step toward theorectical studies
of ion—molecule and ion-clustering reactions. A simplified di-
srymics-in~molecules (DIM) energy expression was derived to
make possible easy calculations of approximate potential energy
functions for M{ ions. Detailed application has been made for Hj.
With partition of the total binding energy into appropriate diatomic
bond energies, the DIM scheme is useful in increasing our under-
standing of the nature of chemical bonding in these molecular ions.
~elf-consistent field molecular orbital (SCF-MO) calculations are
..s0 carried out for Hf and H! systems. H} is found to have a
most stable geometry corresponding to an Hf ... H, complex of
sverall C,, symmetry, in which the H, sits about 3 au from the
1} apex and perpendicular to the Hf plane. This ab initio predic-
‘ion provides a direct indication that Hf is the clustering center.
The calculated binding energy of 4,25 kcal/mole leads to AH =
6.35 kcal/mole for Hf + Hy — HJ, in good agreement with experi-
mental data from ion—molecule Kkinetics.

Pseudopotential calculations for the systems of Lif, Li,H™,
LiHf, Naj, Ma,Li*, NaLif, NayH*, and NaH} are in progress.
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03:288 THEORETICAL STUDIES OF THE HYDRATED ELEC-
TRON BY USE OF A MOLECULAR CLUSTER MODEL. Naleway,
Conrad A., Maurice E. Schwartz and Koichi Funabashi (University
of Notre Dame, Radiation Laboratory).

High quality ab initic SCF-MO studies have been made on sys-
tems of one and two water molecules plus an extra electron for
numerous different geometries. The energetics of these systems
are such that a natural trap for an electron happens to correspond
to the well-known Bjerrum faults used to describe properties of
ice.

An extension of these ab initio studies on the dimer model of
H,0O plus an excess electron is being directed along two alternate
routes.

The first approach involves essentially a modified version of
the Hiickel (tight binding) approximation where all interaction en-
ergies are based on the more detailed dimer study. Both single
as well as multiband approximations are being investigated.

The second approach attempts to describe the excess electron
within a one-electron pseudopotential model. Here all molecular
sites are represented as pseudopotential sites. The excess elec-
tron wave function will be determined (variationally) within this
pseudopotential field. Later extension of the work will embed the
molecular cluster plus electron in a dielectric continuum.

Both approaches should lead to a more detailed understanding
of the electronic absorption spectrum and of the actual trapping
site for the hydrated electron.

ALSO SEE Heavy Element Chemistry: 03:86; Radiation Chem-
istry: Other; 03:137, 03:147, 03:152, 03:153, 03:154, 03:155;
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Kinetics and Mechanisms: 03:220; Chemical Spectvoscopy: 03:2335,
08:237, 03:258, 03:261; Isotope Chemislry: 03:291, 03:293, 03:301,
03:303, 03:304; Thermodynamics: 03:307, 03:309; High- Tempera-
ture and Inorganic Chemistry: 03:339; Structuval Chemistry:
03:383.

ISOTOPE CHEMISTRY

Studies of equilibrium and kinetic isotope effects and isotope
separations.

03:289 MATERIALS AND METHODS FOR THE STUDY OF
ISOTOPE EFFECTS IN BIOLOGICALLY IMPORTANT SYSTEMS.
Katz, J. J.; Crespi, H. L.; DaBoll, H.; Kostka, A.; Smith, U.;
Uphaus, R. A.; and Norris, J. R. Jr.  (Argonne National Labora-
tory, Chemistry Division).

Our research involves the application of stable isotopes (H,
Be, BN, 170, B0) to chemical, biological, and biophysical prob-
lems. Our current activities fall into three categories: (1)culti-
vation of living organisms of highly unnatural isotopic composi-
tion and the extraction of compounds of biological significance
therefrom; (2) structure and function of proteins and enzymes;
and (3) the role of chlorophyll in the light conversion act in
photosynthesis. In these studies, proteins and photosynthetic
pigments of unnatural isotopic composition are key elements in
the research.

We are growing various algae, bacteria, etc., on the 160-1
(50-gal.) scale in pure heavy water (99.8% 2H,0) for the produc-
tion of deuterated organisms and compounds. The cultivation of
organisms of unusual composition has been extended to BC-algae
fed BCO,. These organisms then serve as the source of deuteratec
(or BC-) proteins, carbohydrates, lipids, photosynthetic pigments,
and the like. Of particular importance is the development of iso-
tope hybrid compounds that are essentially fully deuterated except
for ordinary 'H introduced by biosynthesis into specified positions
of the molecule. Thus, isotope hybrid proteins are obtained by
growing organisms in ?H,0 on !'H-amino acids, which results in
proteins that are fully deuterated except for the particular H-
amino acid(s) introduced by biosynthesis into side-chain positions.
We plan to put another tank into operation, and to extend our opera
tions to cultivate organisms that are depleted in ¥C (by using
2€0, from which the #C has been stripped) to serve as a source
of BC-free compounds.

Because organisms and compounds of unusual isotopic composi-
tion find important uses in magnetic resonance spectroscopy, v.e
have an active instrumentation program to develop new and better
ways for making effective use of these substances. We have inter-
faced our nuclear magnetic and electron spin resonance spectrom-
eters to a central Sigma V computer. We are now in the process
of interfacing our superconducting 220-MHz spectrometer to the
central computer and are well advanced in the direction of using
the computer not only for data acquisition and processing, but also
for controlling the actual operation of the spectrometer. The great
increase in the productivity of these expensive instruments al-
ready realized has made it possible to carry out 'H magnetic
resonance at unnatural abundance (*H in small amounts embedded
in a deuterated compound) with remarkable simplification of the
spectra. We are actively planning to interface our ENDNR spec-
trometer to the Sigma V computer, and to develop stocu. L.ic ex-
citation of spectra for BC magnetic resonance.
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03:290 TRITIUM FRACTIONATION BETWEEN WATER AND
PROTEINS OR POLYPEPTIDES. R. E. Weston, Jr. (Brook-
haven National Laboratory, Chemistry Department).

It is estimated that by the end of the century the rate of pro-
duction of tritium by ternary fission in nuclear power reactors
will equal the natural rate of production by cosmic rays. There-
fore, there is some concern about the uptake of tritium by bio-
logical systems and by molecules of biological significance. An
isotope cxchange equilibrium of the form

AH+ BT = AT + BH

will, in general, have an equilibrium constant different from unity.
This isotopic fractionation is being investigated in the exchange of
tritium between water and polypeptides or proteins, using a freeze-
drying method to separate the two components. The results ob-
tained for random-chain polyalanine indicate that the fractionation
of tritium is quite small in this system. These studies will be ex-
tended to polyamino acids with an alpha-helical structure and to
proteins.

There is also interest in enlarging this program to include mea-
surements of the rate of exchange of tritium between biologically
active molecules and water. In particular, it has been suggested
that the exchange from an enzyme inhibitor or cofactor will be
influenced by the presence of the enzyme. This should provide a
method for investigation of the active site of the enzyme.

03:291 PHENOMENOLOGICAL EFFECTS OF QUANTUM ME-
CHANICAL TUNNELING. R. E. Weston, Jr., M. J. Stern (De-
partment of Chemistry, Yeshiva University). Brookhaven Na-
tional Laboratory, Chemistry Department.

The rate constant for a chemical reaction involving the motion
of hydrogen atoms or ions may be affected by quantum mechanical
tunneling through the barrier separating reactants from products.
Kinctic isotope effects have often been cited as evidence for this
quantum phenomenon.

We are investigating this area, by means of computer experi-
ments in which model reactants and activated complexes are used
to calculate vibrational frequencies and rate constant ratios. The
specific effects we are searching for are: (i) abnormal differences
between isotope effects caused by deuterium and tritium substitu-
tion and (ii) abnormal temperature dependence of the deuterium
isotope effect, as indicated by large curvatures in the Arrhenius
plot, or by abnormal intercepts in such a plot.

Results obtained so far indicate that (i) is not a useful criterion
for tunneling whereas (ii) has some merit as a criterion.

PUBLICATIONS

Stern, M. J., and P. C. Vogel, Relative Tritium — Deuterium Iso-
tope Effects in the Absence of Large Tunneling Factors, J. Am.
Amer. Chem. Soc., 93: 4664 (1971).

Schneider, M. E., and M. J. Stern, Arrhenium Pre-Exponential
Factors for Primary Hydrogen Kinetic Isotope Effects, J.
Amer. Chem. Soc., 94: 1517 (1972).

03:292 STUDIES OF CARBON ISOTOPE FRACTIONATION,
Takanobu Ishida. Brooklyn College of The City University of
New York, Chemistry Department, Bedford Ave and Avenue H,
Brooklyn, New York 11210,

The primary purpose of this investigation is to find chemical
and physical means for effectively fractionating ¥C from its natu-
ral abundance. To achieve this objective, experiments are being
conducted to obtain data necessary for engineering evaluation of
such processes, and theoretical studies are being carried out to
interpret such data in light of the isotope effect theory.

Currently, low-temperature distillation of fluorinated hydro-
carbons, in particular, chlorotrifluoromethane, tetrafluorometh-
ane, dichlorofluoromethane, chlorodifluoromethane, and fluoro-
form, is being studied. Systems for chemical purification, two
distillation columns covering temperatures from —195 to 0°C, and
a catalytic system for the decomposition of the fluorinated meth-
anes to carbon dioxide have been assembled. The unit stage sepa-
ration factor for the fractionation of BC will be obtained from the
transient behavior of the distillation process.

The shift in zero-point energy on condensation of fluorinated
hydrocarbons, due to London dispersion force and various other
intermolecular interactions in the liquid phase, is being evaluated.
A preliminary result shows that the isotopic inverse vapor pres-
sure effect is most likely to occur in CClF; and CF, at tempera-
tures —80°C and with CCl,F, at temperatures near 0°C. Effects of
molecular forces on the isotope effect on thermodynamic proper-
ties are under investigation in the light of orthogonal expansion of
the reduced partition function.
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03:293 THEORETICAL STUDIES ON ISOTOPIC MASS
EFFECTS IN CHEMISTRY. Max Wolfsherg. University of
California, Department of Chemistry, Irvine, California 92664.

Theoretical studies are being carried out on isotopic mass
effects on physical and chemical properties of molecules.

The role of vibrational anharmonicity on isotope effects, in
particular isotope effects on equilibria, is being further investi-
gated. Anharmonicity computer programs will be extended to
handle more complicated molecules. The evaluation of accurate
isotopic partition function ratios (including the effect of an-
harmonicity) for a variety of molecules will be continued.

Most thinking about isotope effects has been carried out with
use of the Born-Oppenheimer approximation, within the frame-
work of which the potential energy surface for nuclear motion
is independent of isotopic substitution. Calculations have been
almost completed of the effect of corrections to the Born—
Oppenheimer approximation on isotopic exchange equilibria
involving a number of diatomic hydrides and deuterides. The
corrections are significant. The calculations will be extended.

Average values of mean amplitudes and mean square ampli-
tudes of molecular vibrations will he calculated to elucidate
isotope effects on some molecular properties.

Classical equations of motion have been integrated exactly to
study energy transfer between translations, rotations, and vibra-
tions in nonreactive collisions between molecular systems. Fu-
ture work in this area will concentrate on collisions between
triatomic molecules and atoms.
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03:294 SEPARATION OF ISOTOPES. T.I. Taylor. Colum-
bia University Chemistry Department, New York City, N. Y. 10027,

Chemical exchange between carbon dioxide (CO,) and amine
carbamates (R,NCO} HNR,) results in a concentration of 30 in the
gas and BC in the solution phase. A solvent carrier system with
thermal reflux for stripping the carbon dioxide from the carba-
mate is used to test the effectiveness of different amines and
solvents. Di-n-butylamine (DNBA) in triethylamine (TEA) as
solvent was shown to be practical for the concentration of BC.

A six-section cascade for the preparation of 90% BC is being
operated to study some of the characteristics of the system.

Measurements of single stage scparation factors (a) for dif-
ferent amine carbamate systems by batch and by multistage tech-
niques are being continued. Correlations are being made betwecen
the effectiveness of amines for separation of ¥C and their struc-
ture, reaction rates, and thermodynamic properties as well as the
physical characteristics of their solutions.

Although nitrogen with more than 99.9% and less than 0.0002%
15N has been prepared by the exchange of NO with HNO;, studies
on the kinetics of the reaction are not yet completed. Further
studies include the low-temperature gas chromatographic sepa-
ration of nitrogen and oxygen isotopes using complexes of nitric
oxide.
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03:295 TUNNELING IN PROTON-TRANSFER REACTIONS IN
SOLUTION. Saligrama C. SubbaRao. Lincoln University, Penn-
sylvania 19352,

There are now a number of investigations of proton-transfer re-
actions in solution which substantiate the importance of tunnel cor-
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rections. From the existing experimental evidence it is possible
o make some tentative generalizations about the factors that
favor tunneling. The suppositions that seem plausible are that
tunneling is favored (a) by a high contribution to the activation en-
ergy from repulsion, {b) by a symmetrical energy barrier, and
(¢) in aqueous solutions.

The data obtained so far tend to be fragmentary and refer to
substrates that have little in common with one another. Much more
experimental work is needed especially on related series of reac-
-ions and on solvent effects to understand the significance of tun~
neling in proton-transfer reactions. Investigations of this nature,
wpart from confirming the importance of tunneling corrections,
vill enlarge our knowledge of the shapes and dimensions of the
cnergy barriers and improve our picture of transiton states.

Rates of base-catalyzed H¥, D*, and T* transfer from several
.cetylpyridines, acetylfurans, and acetylthiophene will be mea-
sured in aqueous medium with the following primary objectives:
(a) to see whether the variation in rate as a function of modifica-
tion to the structure of the substrate could be quantitatively ex-
plained; (b) to obtain values of the kinetic hydrogen isotope effects
and to see whether the changes could be qualitatively and quanti-
tatively explained, (In this respect accurate work over a wide tem-
perature range should assist in a more complete explanation of
‘he problem.); (¢) to see whether curved Arrhenius plots could be
obtained and, if so, whether curvature arose from quantum me-
chanical leakage of protons through the energy barrier. (If tun-
Jeling is confirmed then the dimensions (height and width) of the
energy barriers will be calculated.); (d} to see whether deviations
from Brgnsted’s relation could be observed when tunneling is
significant in reactions where steric hindrance is not important.
(It is interesting to see whether it will be possible to observe
different values of 8 from isotopic studies when tunneling is
important.); and (e) to test the validity of Swain’s relation sys-
tematically. (Since the Swain relationship has had few empirical
tests and its general validity has been questioned on theoretical
grounds, such a study seems necessary.)

03:296 PHOTOCHEMISTRY OF ISOTOPIC MOLECULES.
G, M. Begun, (Oak Ridge National Laboratory, Chemistry Divi-i
ion.)

The recent commercial development of a tuneable laser in the
...ar infrared makes possible a promising area of research—
photochemistry in the electronic ground state. With such a laser
it appears feasible to excite C~H, C=0, C=EN, C=C, and C=C
bond vibrations selectively to the third or fourth overtone by a
single photon process. With sufficiently nearly monochromatic
beams, isotopically specific activation could be performed with
the possibility of isotopic separation upon reaction, This would
Mave an advantage over the electronic excitation in conventional
. hotochemistry in that the subsequent reaction would not so likely
proceed via a free radical chain mechanism and thus destroy the
specificity. However, the potential for economic isotope separa-
tions depends on numerous factors which we intend to explore. To
implement this objective, a quadrupole spectrometer has been
designed and constructed in such a manner that photochemical re-
actions may be conducted in the ion source region for continuous
monitoring and analysis. Initially, studies will be made of the
isotopic reactions of Cl, with CO, CH,F,, C;Hy, and GH, at low
pressures. Later, we expect to examine reactions of activated
CO, COs, 5Cl,, 80,, and SOCl, with various substrates with the
aim of fractionating carbon and/or sulfur isotopes.

03:297
min, and V. F. Raaen.
try Division).

The general theme of this work is the application of isotopic
methods, together with such techniques as NMR, ir, gas chroma-
tography, and high-speed computing to problems of organic
chemistry, both pure and applied. A continuing major interest
is the identification of reactive intermediates in a wide variety

" reactions that proceed through carbonium ions. In connection

ith air pollution, we are studying reactions of ¥CO with reac-
tants that we hope will give carbonium ions in the gas phase to see
whether these cations can trap CO.

The complications in some of our research presented by many
alternative reaction pathways have been made tractable by a com-
puter program that can search out all such pathways and tabulate
them systematically. This has explained an apparently anomalous
product appearing in low yield in a reaction of a deuterated com-
pound, and discovered by a neutron diffraction study of the prod-
uct. Kinetic isotope effects of ¥C and deuterium are being investi-
gated to gain more information about reaction mechanisms, since
isotope effect criteria now exist that should tell us whether sol-
volytic reactions proceed through intermediates or transition
states.

ORGANIC CHEMISTRY. C.J. Collins, B. M. Benja-
(Oak Ridge National Laboratory, Chemis-
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03:298 ISOTOPE CHEMISTRY.
L. L. Brown, L. Landau, D. A, Lee.
tory, Chemistry Division).

Chemical reactions that may serve for fractionating isotopes,
or for performing other difficult separations, are being exam-
ined systematically. Since the chemical exchange technique is
most effective for low-mass nuclides, most of our studies are
concerned with elements of the first three rows of the periodic
chart, but because of the great economic importance of uranium
isotopes, that element is also being examined. In general, our
investigations are designed to measure the equilibrium constants
and kinetics of the exchange reactions, to establish the feasibility
of refluxing each isotopic species, to determine pertinent physical
and chemical properties of the molecules concerned, and to assess
the economic feasibility of the proposed separation process.

Currently, the chemistry of sulfur is being examined with the
view of developing a gas—liquid, countercurrent exchange process
that can be thermally refluxed. Single-stage fractionation factors
in the range 1.01 to 1.02 for 348/?S separations have been mea-
sured for reactions involving methyl sulfide and its molecular
addition compounds. The prospects for developing a useful system
appear attractive.

Measurements are also being made of the {sotopic fractionations
attainable by ion exchange. Separation factors are being measured
for the isotopes of cobalt, caleium, and uranium on sulfonated
styrene—divinylbenzene copolymers, polystyrene— divinylbenzene—
quaternary amine copelymers, zirconium oxysalts, carboxylic acid
resins, and chelating resins.

New, ultraprecise measurements of the isotopic equilibrium
constants in exchange reactions involving gaseous and liquid ura-
nium species are being made to establish definitively what contri-
bution, if any, the chemical exchange technique can make to the
economics of uranium isotope separation.

J. S. Drury, G. M. Begun,
(Oak Ridge National Labora-
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03:299 ROTATIONAL ORDERING IN THE SOLID MOLECULAR
HYDROGENS. David White. (University of Pennsylvania, Depart-
ment of Chemistry, Philadelphia, Pennsylvania 19104).

The nature of the intermolecular interactions in the solid and
liquid state of the isotopic hydrogens, both radial- and angular-
dependent (anisotropic), are being investigated by pulsed nuclear
magnetic resonance and calorimetric techniques. In the liquid
state the temperature dependence of the spin-lattice relaxation
in deuterium is being used to examine the mechanism of molecu-
lar diffusion as well as the magnitude of the electric quadrupolar
anisotropic intermolecular interactions in both the ground ro-
tational state (J=0, I=2) and first excited state (J=1, I=1). In the
solid state, the mechanism of the cooperative ordering of the
molecular orientations in the cubic phase of deuterium is being
investigated by spin-lattice relaxation measurements employing
a spin-echo technique, and from specific heat measurements.
Here again the studies focus mainly on the electric quadrupolar
anisotropic interactions, which give rise to the librational excita-
tion spectrum in solids consisting of mixtures of ortho and para
nuclear spin species. Currently under development is a SHe—4He
dilution refrigerator for extension of the above studies down to
25 millidegrees, while at the same time permitting measurements
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at higher pressures where the influence of the valence overlap on
the intermolecular interactions in the ordered solid, as well as
any effects due to crystal anisotropy, may be seen.
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03:300 LOW-TEMPERATURE ELECTROLYTIC ENRICH-
MENT OF TRITIUM IN WATER. Robert L. Wolke. University
of Pittsburgh, Wherrett Laboratory of Nuclear Chemistry,
Department of Chemistry, Pittsburgh, Pennsylvania 15213.

The objective of this work is to develop a novel and highly
efficient isotopic enrichment method for tritium in water. The
method involves electrolysis of the water as a solute in liquid
sulfur dioxide at —77°C. This project is currently in a preliminary
stage in which the chemical and electrolylic reactions that take
place are being characterized under various conditions. Plans are
to develop the method on a small scale but not to scale it up for
large sample enrichment or to apply it to studies of environmental
or geologic processes.

03:301 FUNDAMENTAL STUDIES IN [SOTOPE CHEMISTRY.
Jacob Bigeleisen. (University of Rochester, Department of
Chemistry, River Campus, Rochester, New York 14627).

Experimental and theoretical studies are directed toward the
establishment and understanding of the relationship between iso-
tope effects and molecular and intermolecular forces. Theory and
experiment show that effects arising from isotopic substitution
are associated almost exclusively with the molecular and inter-
molecular forces acting at the site of substitution. Thus, isotope
effect studies are force probes at the atomic scale, The current
cxperimental program utilizes this property of isotope effects to
study liquid structure in simple atomic and molecular fluids.
Measurements of vapor pressure isotope effects on simple solids
(Ar, Kr, CO,) is yielding information on the lattice energy and
hindered rotation in the solid. Studies of the approach of the iso-
tope fractionation factor for liquid and gaseous argon to the criti-
cal temperature have established a critical exponent for MUy —
(V3U')g, not too different from the densily index 3.
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03:302 A NUCLEAR MAGNETIC RESONANCE STUDY OF THE
GAS—LIQUID CRITICAL POINT IN HYDROGEN AND ITS ISOTOPIC
MODIFICATIONS. Max Lipsicas, (Yeshiva University, Belfer
Graduate School of Science, 2495 Amsterdam Ave., New York,

N. Y. 10033).

This work represents a detailed nmr study of the gas—liquid
critical region in H, and its isotopic modifications, HD and D,.
The nmr measurements encompass spin lattice relaxation times,
T,, relative density, p, (proportional to the amplitude of the nmr
signal) and self-diffusion coefficient, D, (by spin labeling), All
measurements are made for both the gas and liquid phaseS.

The first part of this st